TITLE: IMAGING DEVICE, PRODUCT PACKAGE, AND SEMICONDUCTOR 
INTEGRATED CIRCUIT 

TECHNICAL FIELD 

[0001] The present invention relates to an image pickup apparatus capable of 

obtaining locus information required for the correction of the shaking motion, a 
product package including the image pickup apparatus and a recording medium 
having a program recorded thereon, and a semiconductor integrated circuit. 
BACKGROUND ART 

[0002] As a method for correcting the camera shaking of an image, an optical 

camera shaking correction method and an electronic shaking motion correction 

method are known (see, for example, Reference 1 below). 
[0003] The technique using the optical camera shaking correction method is known 

as a technique for correcting the camera shaking of a static image. 
[0004] The technique using the electronic camera shaking correction method is 

known as a technique for correcting the camera shaking of a moving image. This 

technique does not require any optical driving section. Therefore, it is possible to 

reduce the size of the apparatus. 
[0005] Reference 1: Japanese Laid-Open Publication No. 60-143330 

DISCLOSURE OF THE INVENTION 
[0006] The technique using the optical camera shaking correction method is 

effective for taking a static image without degrading the quality of the image. 

However, it requires an optical driving section. For this reason, a reduction in the 

size of the apparatus is limited. 
[0007] The technique using the electronic camera shaking correction method does 

not require any optical driving section. Therefore, it is possible to reduce the size of 

the apparatus. However, it has been considered that this technique is not effective 
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for correcting the camera shaking of a static image. This is because this technique 
performs only a correction between a plurality of frames and it is impossible in 
principle to perform the camera shaking correction for a static image consisting of a 
single frame. 

[0008] The object of the present invention is to provide an image pickup apparatus 

capable of obtaining locus information required for the correction of the shaking 
motion, a product package including the image pickup apparatus and a recording 
medium having a program recorded thereon, and a semiconductor integrated circuit. 

[0009] An image pickup apparatus of the present invention includes: a shaking 

motion detecting section for detecting a shaking motion of the image pickup 
apparatus and for outputting a shaking motion detection signal indicating the 
shaking motion of the image pickup apparatus; an image forming section for forming 
an optical image by focusing light incident to the image pickup apparatus; an image 
pickup section for converting the optical image formed by the image forming section 
into electric video information; and a locus calculating section for obtaining locus 
information indicating a locus of the shaking motion of the image pickup apparatus 
based on at least the shaking motion detection signal output from the shaking 
motion detecting section. 

[0010] The locus calculating section may obtain, as the locus information, 

information indicating a change in the shaking motion detection signal during a 
predetermined period of time. 

[0011] The shaking motion detecting section may include an angle velocity sensor, 

and the locus calculating section may obtain angle information by integrating an 
output from the angle velocity sensor, and may obtain, as the locus information, 
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information indicating a change in the angle information during a predetermined 
period of time. 

[0012] The angle velocity sensor may be a vibration gyroscope having a plurality of 

vibration frequencies which are different from each other. 
[0013] The locus calculating section may obtain, as the locus information, 

information indicating a locus weighted by the shaking motion of the image pickup 

apparatus. 

[0014] The locus calculating section may obtain , as the locus information, a point 

spread function PSF. 

[0015] The locus calculating section may determine whether or not an amount of 

temporal change in the shaking motion of the image pickup apparatus is larger than 
a predetermined threshold value, and may determine a number of samples in 
accordance with the determination result. 

[0016] The image pickup apparatus may further include: an output section for 

generating data in an Exif format by adding the locus information to the video 
information, and for outputting the data in the Exif format. 

[0017] The locus calculating section may obtain the locus information based on at 

least focus information, zoom information, and the shaking motion detection signal. 

[0018] The image pickup apparatus may further includes: an electronic shaking 

motion correcting section for performing a calculation processing on the locus 
information and the video information, so as to obtain corrected video information 
which is subjected to the correction of the shaking motion. 

[0019] The electronic shaking motion correcting section may determine whether or 

not the shaking motion detection signal is larger than a predetermined threshold 
value, and when it is determined that the shaking motion detection signal is larger 
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than the predetermined threshold value, the electronic shaking motion correcting 
section may not correct the shaking motion in the video information. 

[0020] The calculation processing may include a Fourier transform, a Fourier inverse 

transform, or a processing using a two-dimensional filter. 

[0021] The locus information may include a locus function h, and the calculation 

processing may include a calculation of a Fourier transform of h or a calculation 
using a result of the Fourier transform of h, or the calculation processing may 
include a calculation of a Fourier inverse transform which is a reciprocal of the 
Fourier transform of h or a calculation using a result of the Fourier inverse transform 
which is the reciprocal of the Fourier transform of h. 

[0022] The image pickup apparatus may further include: a processing amount 

calculating section for calculating a calculation processing amount required for 
correcting the shaking motion in the video information. 

[0023] When the calculation processing amount or a shaking motion amount 

exceeds a predetermined value, a display indicating an exceeding situation may be 
made on a display section and/or a sound indicating an exceeding situation may be 
generated from a speaker. 

[0024] When the calculation processing amount exceeds a predetermined value, the 

video information which is not subjected to the correction of the shaking motion may 
be output, and when the calculation processing amount is within a predetermined 
range, corrected video information which is subjected to the correction of the 
shaking motion in the video information may be output. 

[0025] At a specific time after displaying the video information on a display section, 

the corrected video information may be displayed on the display section. 
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Time at which the calculation processing for the correction of the shaking 
motion in the electronic shaking motion correcting section is completed may be used 
as the specific time. 

The image pickup apparatus may further includes: a maximum shaking 
motion amount calculating section for receiving the corrected video information from 
the shaking motion correcting section, and for calculating a maximum shaking 
motion amount of the shaking motion in each direction; and a trimming section for 
trimming the corrected video information in accordance with the maximum shaking 
motion amount, so as to generate trimmed corrected video information. 

The image pickup apparatus may further include: a setting section capable of 
setting a first trimming mode or a second trimming mode, wherein in the first 
trimming mode, the trimming section may trim the corrected video information in 
accordance with the maximum shaking motion amount, so as to generate a first 
trimmed corrected video information, and in the second trimming mode, the 
trimming section may trim the first trimmed corrected video information, as a center 
of a pixel corresponding to a center pixel of the first trimmed corrected video 
information, so as to generate a second trimmed corrected video information, the 
center pixel being a pixel located at a center of the video information in each 
direction. 

The image pickup apparatus may further include: a mechanical shaking 
motion correcting section for mechanically correcting the shaking motion of the 
image pickup apparatus in accordance with the shaking motion detection signal, so 
as to obtain corrected video information which is subjected to the correction of the 
shaking motion in the video information by an actual shaking motion correction 
amount, wherein the locus calculating section may obtain, as the locus information, 



information indicating a change during a predetermined period of time in a 
difference between the shaking motion detection signal and the actual shaking 
motion correction amount. 
[0030] The locus information may be in an Exif format. 

[0031] The mechanical shaking motion correcting section may mechanically correct 

the shaking motion of the image pickup apparatus in accordance with the shaking 
motion detection signal, so as to obtain a first corrected video information which is 
subjected to the correction of the shaking motion in the video information by a first 
shaking motion correction amount, the locus calculating section may obtain, as the 
locus information, information indicating a change in a remaining shaking motion 
amount during a predetermined period of time, the remaining shaking motion 
amount indicating a difference between the actual shaking motion correction amount 
and the first shaking motion correction amount, and the image pickup apparatus 
may further include: an electronic shaking motion correcting section for performing a 
calculation processing on the locus information and the first corrected video 
information, so as to obtain a second corrected video information which is subjected 
to the correction of the shaking motion in the first corrected video information by a 
second shaking motion correction amount. 

[0032] The calculation processing may include a Fourier transform, a Fourier inverse 

transform, or a processing using a two-dimensional filter. 

[0033] The locus information may include a locus function h, and the calculation 

processing may include a calculation of a Fourier transform of h or a calculation 
using a result of the Fourier transform of h, or the calculation processing may 
include a calculation of a Fourier inverse transform which is a reciprocal of the 
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Fourier transform of h or a calculation using a result of the Fourier inverse transform 

which is the reciprocal of the Fourier transform of h. 
[0034] The mechanical shaking motion correcting section may calculate the first 

shaking motion correction amount based on positional information of a lens which is 

a part of the image forming section. 
[0035] The mechanical shaking motion correcting section may calculate the first 

shaking motion correction amount based on the shaking motion detection signal and 

a shaking motion control characteristic of the mechanical shaking motion correcting 

section. 

[0036] The shaking motion detecting section may include: a first shaking motion 

detecting section for detecting a shaking motion in a pitch direction and a shaking 
motion in a yaw direction among the shaking motions of the image pickup 
apparatus; and a second shaking motion detecting section for detecting a shaking 
motion in a roll direction among the shaking motions of the image pickup apparatus, 
the locus calculating section may obtain, as the locus information, information 
indicating a change during a predetermined period of time in a detection signal 
output from the second shaking motion detecting section, and the image pickup 
apparatus may further include: a mechanical shaking motion correcting section for 
obtaining a first corrected video information which is subjected to the correction of 
the shaking motion in the pitch direction and the correction of the shaking motion in 
the yaw direction in accordance with a detection signal output from the first shaking 
motion detecting section. 

[0037] The image pickup apparatus may further include: a section for adding the 

locus information to the corrected video information for output, or for recording the 
locus information onto a recording medium. 
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[0038] The locus information may be in an Exif format or a format similar to the Exif 

format. 

[0039] The image pickup apparatus may further include: an electronic shaking 

motion correcting section for obtaining a second corrected video information, which 
is subjected to the correction of the shaking motion in the first corrected video 
information, by performing a calculation processing on locus information in the roll 
direction and the first corrected video information. 

[0040] The calculation processing may include a Fourier transform, a Fourier inverse 

transform, or a processing using a two-dimensional filter. 

[0041] The locus information may include a locus function h, and the calculation 

processing may include a calculation of a Fourier transform of h or a calculation 
using a result of the Fourier transform of h, or the calculation processing may 
include a calculation of a Fourier inverse transform which is a reciprocal of the 
Fourier transform of h or a calculation using a result of the Fourier inverse transform 
which is the reciprocal of the Fourier transform of h. 

[0042] A method of the present invention includes: receiving image information 

including locus information indicating a locus of a shaking motion of an image 
pickup apparatus and video information; separating the image information into the 
locus information and the video information; and obtaining corrected video 
information, which is subjected to the correction of the shaking motion in the video 
information, by performing a calculation processing on the locus information and the 
video information. 



[0043] The locus information may be in an Exif format. 

[0044] The calculation processing may include a Fourier transform or a Fourier 

inverse transform. 
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[0045] The locus information may be a weighted locus or a point spread function. 

[0046] A product package of the present invention includes an image pickup 

apparatus and a recording medium, wherein the image pickup apparatus includes: a 
shaking motion detecting section for detecting a shaking motion of the image pickup 
apparatus and for outputting a shaking motion detection signal indicating the 
shaking motion of the image pickup apparatus; an image forming section for forming 
an optical image by focusing light incident to the image pickup apparatus; an image 
pickup section for converting the optical image formed by the image forming section 
into electric video information; a locus calculating section for obtaining locus 
information indicating a locus of the shaking motion of the image pickup apparatus 
based on at least the shaking motion detection signal output from the shaking 
motion detecting section; and an outputting section for adding the locus information 
to the video information to output image information, and the recording medium has 
a program recorded therein, the program is for causing a computer to execute a 
processing, the processing includes: receiving the image information; separating the 
image information into the locus information and the video information; and 
obtaining corrected video information, which is subjected to the correction of the 
shaking motion in the video information, by performing a calculation processing on 
the locus information and the video information. 

[0047] The locus information may be in an Exif format. 

[0048] The calculation processing may include a Fourier transform, a Fourier inverse 

transform, or a processing using a two-dimensional filter. 

[0049] The locus information may include a locus function h, and the calculation 

processing may include a calculation of a Fourier transform of h or a calculation 
using a result of the Fourier transform of h, or the calculation processing may 
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include a calculation of a Fourier inverse transform which is a reciprocal of the 
Fourier transform of h or a calculation using a result of the Fourier inverse transform 
which is the reciprocal of the Fourier transform of h. 

[0050] The locus information may be a weighted locus or a point spread function. 

[0051] A product package of the present invention includes an image pickup 

apparatus and a recording medium, wherein the image pickup apparatus includes: a 
shaking motion detecting section for detecting a shaking motion of the image pickup 
apparatus and for outputting a shaking motion detection signal indicating the 
shaking motion of the image pickup apparatus; an image forming section for forming 
an optical image by focusing light incident to the image pickup apparatus; an image 
pickup section for converting the optical image formed by the image forming section 
into electric video information; a locus calculating section for obtaining locus 
information indicating a locus of the shaking motion of the image pickup apparatus 
based on at least the shaking motion detection signal output from the shaking 
motion detecting section; a mechanical shaking motion correcting section for 
mechanically correcting the shaking motion of the image pickup apparatus in 
accordance with the shaking motion detection signal, so as to obtain corrected video 
information which is subjected to the correction of the shaking motion in the video 
information by an actual shaking motion correction amount; and an outputting 
section for adding the locus information to the video information to output image 
information, the locus calculating section obtains, as the locus information, 
information indicating a change during a predetermined period of time in a 
difference between the shaking motion detection signal and the actual shaking 
motion correction amount, and the recording medium has a program recorded 
therein, the program is for causing a computer to execute a processing, the 
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processing includes: receiving the image information; separating the image 
information into the locus information and the video information; and obtaining 
corrected video information which is subjected to the correction of the shaking 
motion in the video information, by performing a calculation processing on the locus 
information and the video information. 
[0052] The locus information may be in an Exif format. 

[0053] The calculation processing may include a Fourier transform, a Fourier inverse 

transform, or a processing using a two-dimensional filter. 

[0054] The locus information may be a weighted locus or a point spread function. 

[0055] A semiconductor integrated circuit of the present invention includes: a locus 

calculating section for obtaining locus information indicating a locus of a shaking 
motion of an image pickup apparatus based on at least a shaking motion detection 
signal output from a shaking motion detecting section for detecting the shaking 
motion of the image pickup apparatus. 

[0056] The semiconductor integrated circuit may further include: an electronic 

shaking motion correcting section for obtaining corrected video information which is 
subjected to the correction of the shaking motion in the video information, by 
performing a calculation processing on the locus information and the video 
information. 

[0057] The semiconductor integrated circuit may further include: a mechanical 

shaking motion correcting section for mechanically correcting the shaking motion of 
the image pickup apparatus in accordance with the shaking motion detection signal, 
so as to obtain corrected video information which is subjected to the correction of 
the shaking motion in the video information by an actual shaking motion amount, 
wherein the locus calculating section may obtain, as the locus information, 
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information indicating a change during a predetermined period of time in a 
difference between the shaking motion detection signal and the actual shaking 
motion correction amount. 

The shaking motion detecting section may include: a first shaking motion 
detecting section for detecting a shaking motion in a pitch direction and a shaking 
motion in a yaw direction among the shaking motions of the image pickup 
apparatus; and a second shaking motion detecting section for detecting a shaking 
motion in a roll direction among the shaking motions of the image pickup apparatus, 
the locus calculating section may obtain, as the locus information, information 
indicating a change during a predetermined period of time in a detection signal 
output from the second shaking motion detecting section, and the semiconductor 
integrated circuit may further include: a mechanical shaking motion correcting 
section for obtaining a first corrected video information which is subjected to the 
correction of the shaking motion in the pitch direction and the correction of the 
shaking motion in the yaw direction in accordance with a detection signal output 
from the first shaking motion detecting section. 

According to the image pickup apparatus of the present invention, it is 
possible to obtain the locus information required for the correction of the shaking 
motion. The locus information may be output to a device external to the image 
pickup apparatus (e.g., a computer). With this arrangement, it is possible to perform 
the correction of the shaking motion, which requires a large amount of processing, 
in the device external to the image pickup apparatus (e.g., a computer). 

The same effect can be obtained with the product package and the 
semiconductor integrated circuit of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0061] Fig. 1 is a diagram showing an image pickup apparatus 100 according to an 

embodiment of the present invention. 
[0062] Fig. 2 is a view showing a structure of the shaking motion detecting section 

15. 

[0063] Fig. 3 is a view showing an operation for correcting the shaking motion 

according to an embodiment of the present invention. 
[0064] Fig. 4 is a view showing a masking operation according to an embodiment of 

the present invention. 

[0065] Fig. 5 is a chart showing a relationship between the number of pixels and the 

frame frequency. 

[0066] Fig. 6 is a view showing a structure of the image pickup section 5 including a 

pixel region divided into four parts. 
[0067] Fig. 7 is a view showing an operation in the case where the frame rate is 

increased according to an embodiment of the present invention. 
[0068] Fig. 8 is a flowchart showing a procedure of the image pickup process (steps 

50a to 50f ) according to an embodiment of the present invention. 
[0069] Fig. 9 is a flowchart showing a procedure of the image pickup process (steps 

51a to 51 f) according to an embodiment of the present invention. 
[0070] Fig. 10 is a flowchart showing a procedure of the image pickup process 

(steps 52a to 52t) according to an embodiment of the present invention. 
[0071] Fig. 11 is a flowchart showing a procedure of the sequential calculation 

process according to an embodiment of the present invention. 
[0072] Fig. 12 is a flowchart showing a procedure of the simultaneous calculation 

process according to an embodiment of the present invention. 
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[0073] Fig. 1 3 is a flowchart showing a procedure of a process for correcting the 

shaking motion by integrating a plurality of images (divided images) in accordance 
with a shutter speed (exposure time) and a brightness in the place where a picture 
is to be taken. 

[0074] Fig. 14 is a flowchart showing a procedure of a process for changing a 

resolution by adding pixels in an in-plane direction and adding pixels in the time axis 
direction. 

[0075] Fig. 15 is a view showing a principle for correcting the shaking motion, by 

setting the number of pixels which is larger than the number of actual pixels 
according to an embodiment of the present invention. 

[0076] Fig. 16 is a diagram showing a method for adding pixels in an in-plane 

direction. 

[0077] Fig. 1 7 is a diagram for explaining a shift of the cut-out position of an image. 

[0078] Fig. 18 is a diagram showing a principle for the reducing interpolation, a 

principle of the enlarging interpolation and a principle of correcting the shaking 

motion with a high resolution. 
[0079] Fig. 19 is a flowchart showing a procedure of a process for removing an 

image for which the detection of the shaking motion fails. 
[0080] Fig. 20 is a diagram showing a structure of an image pickup apparatus 200 

according to an embodiment of the present invention. 
[0081] Fig. 21 is a diagram showing an example of the display section 95 included in 

the image pickup apparatus 200. 
[0082] Fig. 22 is a diagram showing another example of the display section 95 

included in the image pickup apparatus 200. 
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[0083] Fig. 23 is a diagram showing a display of the boundary indicator 97 for taking 

a picture in a panning manner or in a panoramic manner. 
[0084] Fig. 24 is a diagram showing a detection point for detecting the shaking 

motion within a frame. 

[0085] Fig. 25 is a diagram showing an image pickup apparatus 1 according to an 

embodiment of the present invention. 
[0086] Fig. 26 is a diagram showing sampling of shaking motion detection signals 

according to an embodiment of the present invention. 
[0087] Fig. 27 is a diagram showing trimming and enlargement of a captured image 

according to an embodiment of the present invention. 
[0088] Fig. 28 is a flowchart showing a procedure of the image pickup process 

(steps 127 to 127j) according to an embodiment of the present invention. 
[0089] Fig. 29 is a flowchart showing a procedure of the image pickup process 

(steps 128a to 128g) according to an embodiment of the present invention. 
[0090] Fig. 30 is a diagram showing an image pickup apparatus 1 according to an 

embodiment of the present invention. 
[0091] Fig. 31 is a diagram showing an image pickup apparatus 1 which outputs the 

locus data in the z direction according to an embodiment of the present invention. 
[0092] Fig. 32 is a diagram showing an image pickup apparatus 1 which performs 

the correction of the shaking motion in the z direction according to an embodiment 

of the present invention. 
[0093] Fig. 33 is a diagram showing an image pickup apparatus 1 which performs 

the optical correction and the data processing correction according to an 

embodiment of the present invention. 
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[0094] Fig. 34 is a diagram showing a calculation for the correction of the shaking 

motion according to an embodiment of the present invention. 
[0095] Fig. 35 is a diagram showing a combination of the image pickup apparatus 

according to an embodiment of the present invention and a correction processing 

program, and a computer for the correction processing. 
[0096] Fig. 36 is a diagram showing a structure of a correction amount detecting 

section included in the image pickup apparatus according to an embodiment of the 

present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
[00188] Hereinafter, embodiments of the present invention will be described below 

with reference to the drawings. 
[00189] 1. Image pickup apparatus 

[00190] Fig. 1 shows an image pickup apparatus 100 according to an embodiment of 

the present invention. 

[00191] The image pickup apparatus 100 takes a static image (i.e. a still image) 

during a predetermined exposure period. The image pickup apparatus 100 includes 
a lens section 2 for receiving light incident on the image pickup apparatus 100 from 
the outside of the image pickup apparatus 100; an auto-focusing section 4 for 
automatically adjusting a focus of the light 3; a zoom section 6 for setting a zoom 
ratio of the lens section 2; and an image pickup section 5. An optical image is 
formed on the image pickup section 5. The image pickup section 5 outputs data 
indicating the formed optical image. The image pickup section 5 is, for example, a 
CCD or a MOS type imaging device. The focus of the light 3 from the lens section 2 
is automatically adjusted by the auto-focusing section 4. The zoom ratio of the lens 
section 2 is set by the zoom section 6. An optical image 7 is formed on the image 
pickup section 5. 

[00192] The image pickup apparatus 100 further includes a display switching section 

10; a display circuit 11; a display section 12; a recording section 13 and a recording 
medium 140 When a static image is taken without correcting any shaking motion in 
static image data representing the static image, the output data output from the 
image pickup section 5 is directly sent to the display switching section 10. When the 
static image is displayed, the output data output from the image pickup section 5 is 
displayed on the display section 12 by the display circuit 11. When the static image 

49288.3100 20 
Attorney Docket 

1852326.1 



is recorded, the output data output from the image pickup section 5 is recorded on 
the recording medium 14 by the recording section 13. 

[00193] The image pickup apparatus 100 further includes a shutter button 25; a sub- 

image memory 8 for storing data; a shaking motion detecting section 15 for 
detecting an amount of the shaking motion between a plurality of images (frames) 
representing a static image taken; a shaking motion correcting section 9 for 
correcting a plurality of image information indicating the plurality of images (frames) 
in accordance with the amount of the detected shaking motion; a shaking motion 
correcting control section 21; a trimming section 22 to be controlled to remove a 
shaking motion in a longitudinal direction; a resolution changing section 24 for 
changing a resolution of an image indicated by screen data; a decimation control 
section 25a; a pixel transfer section 23; and a frame rate changing section 40 for 
changing a frame rate in accordance with the amount of the shaking motion. The 
shaking motion detecting section 15 includes a calculating section 18 for calculating 
data input to the shaking motion detecting section 15, a first memory 16 and a 
second memory 17. The shaking motion correcting control section 21 controls each 
of the components in order to correct the output data output from the image pickup 
section 5 in accordance with the amount of the detected shaking motion. 

[00194] When a static image is taken while correcting the shaking motion in static 

image data representing the static image (i.e. a shaking motion correcting mode is 
set to ON), the output data output from the image pickup section 5 is accumulated in 
the sub-image memory 8 before the shutter button 25 is pressed down. The output 
data output from the image pickup section 5 is input to the shaking motion detecting 
section 15. The calculating section 18 calculates a plurality of output data which are 
input to the shaking motion detecting section 15 (for example, the (n-1)-th image 
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data (i.e. previous screen data) and the n-th image data (i.e. current screen data)) 
so as to obtain shaking motion information indicating the shaking motion. The 
shaking motion information is a motion vector 19. When the image pickup apparatus 
100 includes a longitudinal oscillating gyro and a lateral oscillating gyro, it is also 
possible to detect an amount of the shaking motion in the longitudinal direction and 
an amount of the shaking motion in the lateral direction. In this case, the shaking 
motion information is an amount of the shaking motion in the longitudinal direction 
and an amount of the shaking motion in the lateral direction. 

[00195] The shaking motion correcting control section 21 controls the trimming 

section 22 and the pixel transfer section 23, such that the shaking motion in the 
longitudinal direction can be removed. The shaking motion correcting control section 
21 controls the shaking motion correcting section 9, such that the shaking motion in 
the lateral direction can be removed. Thus, it is possible to correct the shaking 
motion in the longitudinal direction in the image data and the shaking motion in the 
lateral direction in the image data. As a result, image data subjected to the 
correction of the shaking motion can be obtained. 

[00196] The image data subjected to the correction of the shaking motion is 

sequentially output to the display section 12 via the display switching section 10. On 
the display section 12, a user can visually recognize continuous images which are 
subjected to the correction of the shaking motion at a predetermined frame rate. 

[00197] On the display section 12, it is also possible to display an image 

corresponding to a part of the entire image represented by the image data which is 
subjected to the correction of the shaking motion. Accordingly, it is possible to 
accurately perform a framing of an object. In this case, the resolution is set to a 
resolution which is lower than a resolution when a static image is taken, by the 
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resolution changing section 24 and the decimation control section 25a. Accordingly, 
it is possible to increase the frame rate, thereby increasing the number of frames to 
be displayed per second. As a result, the user can visually recognize the image of 
the object more smoothly. 

[00198] The recording section 13 may record a plurality of images having a high 

frame rate on the recording medium 14 as a moving image. 

[00199] The resolution changing section 24 changes the resolution of a plurality of 

frames in accordance with at least one of a brightness, an amount of the shaking 
motion, and a zoom rate, for example. 

[00200] The image pickup apparatus 100 further includes a clock control section 27; a 

transfer clock supply section 32; a processing clock supply section 28; and a CPU 
26. When the user presses down the shutter button 25 halfway, the CPU 26 
provides an instruction to the clock control section 27, such that the processing 
clock supply section 28 starts the operation of a clock (e.g. a clock of a calculating 
section 29 and the like) or increases a clock speed. 

[00201] The image pickup apparatus 100 further includes a main image memory 30 

for storing a plurality of image information subjected to the correction of the shaking 
motion; a calculating section 29 for generating static image information indicating a 
static image based on the plurality of image information stored in the storage 
section; and a sub-calculating section 29a. The detailed description of the functions 
of the calculating section 29, the main image memory 30 and the sub-calculating 
section 29a will be provided later. 

[00202] The image pickup apparatus 100 further includes a masking section 20 and a 

bright part extracting section 39. The detailed description of the functions of the 
masking section 20 and the bright part extracting section 39 will be provided later. 
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[00203] The image pickup apparatus 100 further includes a vibrator 36 and a speaker 

37. The detailed description of the functions of the vibrator 36 and the speaker 37 
will be provided later. 

[00204] Fig. 2 shows a structure of the shaking motion detecting section 15. The 

shaking motion detecting section 15 includes the calculating section 18, the first 
memory 16 and the second memory 17. 

[00205] In the first memory 16, image data indicating image D n j taken at time t = t nJ 

is stored. In the second memory 17, image data indicating image D n taken at time t 
= t n , is stored. The amount of shaking motion (e.g. a motion vector (xi, yi)) between 
the two image data (i.e. the image data indicating image D n j and the image data 
indicating image D n ) is detected based on data indicating two images (image data 
indicating the image D n j and image data indicating the image data D n ), and data 
indicating the amount of the shaking motion is output. 

[00206] 2. Operation for correcting shaking motion 

[00207] Fig. 3 shows an operation for correcting the shaking motion according to an 

embodiment of the present invention. The shaking motion is caused by at least one 
hand of an operator. 

[00208] Image D n =i indicates an image taken at time of n = 1, image D n=2 indicates an 

' image taken at time of n = 2, image D n = 3 indicates an image taken at time of n = 3, 
and image D n=4 indicates an image taken at time of n = 4. 

[00209] Image data indicating image Dn=1 is stored in the main image memory 30. 

[00210] Image data indicating image D n=2 is corrected in accordance with a shaking 

motion amount M 2 (M 2 = (x 0 + x^ y 0 + y0). The corrected image data is added to the 
image data indicating image D n =i stored in the main image memory 30 by the 
calculating section 29. Data indicating the result of the addition is stored in the main 
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image memory 30. Since the corrected image data is added to image data indicating 
image D n =i, the static part of an object is accurately overlapped. As a result, an SN 
ratio of the image is increased. 

[00211] Image data indicating image D n=3 is corrected in accordance with a shaking 

motion amount M 3 (M 3 = (x 0 + Xi + x 2 , y 0 + yi + yi))- The corrected image data is 
added to the data indicating the result of the addition stored in the main image 
memory 30 by the calculating section 29. Data indicating the result of the addition is 
stored in the main image memory 30. 

[00212] Image data indicating image D n=4 is corrected in accordance with a shaking 

motion amount M 4 (M 4 = (x 0 + x<i + x 2 + x 3 , y 0 + yi + y 2 + y3))- The corrected image 
data is added to the data indicating the result of the addition stored in the main 
image memory 30 by the calculating section 29. Data indicating the result of the 
addition is stored in the main image memory 30. 

[00213] By repeating the addition of the data, the four image data which indicate 

almost identical images are stored in the main image memory 30, in which data 
indicating a static image is generated. When the shutter is 100% opened during an 
exposure period, it is possible to obtain an image having a brightness which is 
almost the same as the brightness of the image obtained when the shutter is 
continuously opened during a period from time of n = 1 to time of n = 4. It is also 
possible to correct a shaking motion for each screen. 

[00214] By appropriately setting the parameters such as a shutter opening time 

(exposure time) and a frame rate in accordance with the degree of the shaking 
motion (i.e.. a shaking motion amount) and the zoom ratio, it is possible to 
electronically correct the shaking motion without degrading the S/N. When the 
shutter opening time for taking each image is shortened, the degradation of the 
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image due to the correction of the shaking motion is reduced, but the amount of light 
is also reduced. In this case, the number of frames to be taken should be increased. 

[0021 5] In an embodiment of the present invention, it is possible to obtain an optimum 

frame rate by increasing the frequency of a transfer clock to increase the frame rate 
or by decreasing a resolution to increase the frame rate. As a result, an 
advantageous effect that there is a large applicable range can be obtained. 

[00216] The calculation performed by the calculating section 29 is not limited to the 

addition. The calculation may be an integration, for example, as long as data 
indicating a static image can be generated based on a plurality of image data (frame 
information). 

[00217] 3. Masking operation 

[00218] Fig. 4 shows a masking operation according to an embodiment of the present 

invention. 

[00219] Image D n =i indicates an image taken at time of n = 1, image D n =2 indicates an 

image taken at time of n = 2, image D n=3 indicates an image taken at time of n = 3, 
and image D n =4 indicates an image taken at time of n = 4. 

[00220] A stroboscope emits a light at the time of n = 1 . Accordingly, a person shown 

in image 35e is brighter than a background (e.g. a night scene), for example. 
Herein, the person shown in the image 35e is defined as a bright part 38a. The 
bright part extracting section 39 extracts data indicating the bright part 38a from 
data indicating the image 35e and generates masking data 31 based on the 
extracted data indicating the bright part. 

[00221] At the time of n = 2, the masking data 31 is cut out of the image data 

indicating image D n =2- Data indicating a corrected image 33a is generated by 
deleting an image of the bright part 38b and correcting the shaking motion. The data 
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indicating the corrected image 33a is added to the data indicating the image 35e, so 
as to generate data indicating an integrated image 35a. 

[00222] At the time of n = 3, the masking data 31 is cut out of the image data 

indicating image D n =3- Data indicating a corrected image 33b is generated by 
deleting an image of the bright part 38c and correcting the shaking motion. The data 
indicating the corrected image 33b is added to the data indicating the integrated 
image 35a, so as to generate an integrated image 35b. 

[00223] At the time of n = 4, the masking data 31 is cut out of the image data 

indicating image D n=4 . Data indicating a corrected image 33c is generated by 
deleting an image of the bright part 38d and correcting the shaking motion. The data 
indicating the corrected image 33c is added to the data indicating the integrated 
image 35b, so as to generate data indicating an integrated image 35c. 

[00224] The data indicating the integrated image 35c is resized so as to generate 

data indicating an integrated image 35d. 

[00225] As described above, a bright part such as a person which becomes bright by 

the light emitted from the stroboscope is taken at the time of n = 1, and an image of 
a region other than the bright part among the image is taken at the time of n = 2, 3 
and 4. When a picture of a person in a night scene and the like is taken at a slow 
shutter speed using the stroboscope, an image of a face of the person exposed 
during a period at the slow shutter speed is overlapped onto an image of the face of 
the person at the time when the stroboscope emits the light (double exposure) so 
that the overlapped image is blurred. However, according to the masking operation 
according to the embodiment of the present invention, the correction of the shaking 
motion allows that the bright part such as a face of the person is not subjected to the 
double exposure. As a result, the bright part can be taken clearly. 
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[00226] 4. Change of frame rate 

[00227] Fig. 5 shows a relationship between the number of pixels and the frame 

frequency. 

[00228] When the resolution in the image pickup section 5 (see Fig. 1) is reduced by 

the resolution changing section 24 (see Fig. 1), the frame rate (fps) can be 
increased. Further, when the transfer clock speed is increased by the clock control 
section 27, the processing clock supply section 28 and the transfer clock supply 
section 32, the frame rate (fps) can be increased. 

[00229] In an embodiment according to the present invention, it is possible to 

substantially increase the frame rate by increasing the transfer clock or reducing the 
resolution at the time when the image is taken for the purpose of the correction of 
shaking motion, thereby eliminating an afterimage (image degradation) which is 
particularly caused by an electronic correction of the shaking motion. When a usual 
image pickup section having 2,000,000 pixels is used and the frame rate is 
approximately 7.5 fps, the influence of the afterimage is maintained. The frame rate 
should be higher than or equal to 20 fps. Otherwise, it is difficult to eliminate the 
afterimage which is particularly caused by the electronic correction of the shaking 
motion. 

[00230] Fig. 6 shows a structure of the image pickup section 5 including a pixel region 

divided into four parts. 

[00231] The image pickup section 5 includes a pixel region 40. The pixel region 40 is 

divided into four pixel regions (i.e. pixel region 40a, pixel region 40b, pixel region 
40c and pixel region 40d). The image pickup section 5 further includes a horizontal 
transfer section divided into four parts (i.e. horizontal transfer section 41a, horizontal 
transfer section 41b, horizontal transfer section 41c and horizontal transfer section 
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41 d) and a vertical transfer section divided into four parts (i.e. vertical transfer 
section 42a, vertical transfer section 42b, vertical transfer section 42c and vertical 
transfer section 42d). Accordingly, time required for sweeping all pixels out is 
reduced to be 1/4 of its original amount and the frame rate is increased to be 
fourfold its original amount. In this case, the frame rate is 30fps under the condition 
that an image pickup device of a CCD type having 2,100,000 pixels is used and the 
clock speed is 18 MHz. As a result, it is possible to not observe image degradation 
due to the correction of the shaking motion. The image pickup section 5 may be 
divided into two parts in a transverse direction. 

[00232] Fig. 7 is a diagram showing an operation in the case where the frame rate is 

increased according to an embodiment of the present invention. 

[00233] When the exposure time is 1/4 second, a frame is obtained every 1/8 second. 

In this case, an amount of the shaking motion in the x-direction is represented by 
Jo(Xi + x i+1 ) dt « ((xi + x 2 ) + (x 3 + X4)) / 2. 

[00234] When the exposure time is 1/2 second, a frame is obtained every 1/16 

second by increasing the frame rate. In this case, the amount of the shaking motion 
in the x-direction is represented by (x 1 + x 2 + x 3 + X4 + x 5 + x 6 + x 7 + x 8 ) / 8 « ((xi + x 2 
+ x 3 + X4) / 2 + (x 5 + x 6 + x 7 + x 8 ) / 2) / 4. 

[00235] When the exposure time is long, the frame rate is increased to obtain a large 

number of frames. As a result, it is possible to detect the amount of the shaking 
motion in detail, and it is possible to decrease image degradation due to the 
correction of the shaking motion. 

[00236] Thus, according to the image pickup apparatus of the present invention, it is 

possible to correct the shaking motion over information indicating a plurality of 
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frames and to generate information indicating a static image. Therefore, it is 
possible to obtain a static image subjected to the correction of the shaking motion. 

[00237] As described above, in the chapters titled (1 . Image pickup apparatus) to (4. 

Change of frame rate), an exemplary embodiment of the present invention is 
described with reference to Figs. 1 to 7. 

[00238] In the embodiment shown in Figs. 1 to 7, for example, the shaking motion 

detecting section 15 corresponds to "a shaking motion detecting section for 
detecting an amount of the shaking motion between a plurality of frames 
representing the static image which has been taken", the shaking motion correcting 
section 9 corresponds to "a shaking motion correcting section for correcting a 
plurality of frame information indicating the plurality of frames in accordance with the 
detected amount of the shaking motion", the main image memory 30 corresponds to 
"a storage section for storing the plurality of frame information subjected to the 
correction of the shaking motion", and the calculating section 29 corresponds to "an 
information generating section for generating static image information indicating a 
static image based on the plurality of frame information stored in the storage 
section". 

[00239] However, the image pickup apparatus of the present invention is not limited 

to the embodiment shown in Figs. 1 to 7. Each of the components included in the 
image pickup apparatus can have an arbitrary configuration as long as the image 
pickup apparatus has each function of the "the shaking motion detecting section for 
detecting an amount of the shaking motion between a plurality of frames 
representing a static image which has been taken", "the shaking motion correcting 
section for correcting a plurality of frame information indicating the plurality of 
frames in accordance with the detected amount of the shaking motion", "the storage 
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section for storing the plurality of frame information subjected to the correction of the 
shaking motion", and "the information generating section for generating static image 
information indicating a static image based on the plurality of frame information 
stored in the storage section". 
[00240] 5. Image pickup method 1 

[00241] Fig. 8 shows a procedure of an image pickup process (step 50a to Step 50f) 

according to an embodiment of the present invention. 
[00242] Fig. 9 shows a procedure of an image pickup process (step 51a to Step 51 y) 

according to an embodiment of the present invention. 
[00243] Fig, 10 shows a procedure of an image pickup process (step 52a to Step 52t) 

according to an embodiment of the present invention. 
[00244] With reference to Fig. 1 and Figs. 8 to 10, the procedure of the image pickup 

process according to an embodiment of the present invention will be described 

below step by step. 

[00245] With reference to Fig. 8, steps 50a to 50f will be described below. 

[00246] Step 50a: An operator prepares to take a still picture. 

[00247] Step 50b: When the operator presses the shutter button 25 halfway down, 

the CPU 26 provides an instruction to the clock control section 27, such that the 
processing clock supply section 28 starts the operation of a clock or increases a 
clock speed in the calculating section and the like. When the processing clock 
supply section 28 starts the operation of the clock or increases the clock speed in 
the calculating section 29 and the like, the process proceeds to step 50c. 

[00248] Step 50c: The image pickup section 5 obtains an image having a smaller 

resolution than a set resolution or a decimated image. Information indicating a 
positional difference in a specific point or a specific region between the (n-1)-th 
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image and the n-th image is generated based on the data indicating the (n-1)-th 
image and the data indicating the n-th image, so as to obtain shaking motion 
information (an amount of shaking motion). 

[00249] Step 50d: It is determined whether or not the shaking motion information (the 

amount of shaking motion) is larger than a predetermined value under the condition 
that the brightness in the place where the still picture is to be taken is low and the 
set resolution is greater than or equal to a constant value. If the shaking motion 
information is larger than the predetermined value (Yes), then the process proceeds 
to step 50e. If the shaking motion information is smaller than or equal to the 
predetermined value (No), then the process proceeds to step 50f. 

[00250] Step 50e: A warning of "Beware of shaking motion." is displayed on the 

display section 12 in accordance with the value of the shaking motion information. 

[00251] Step 50f: The operator determines whether or not he/she presses the shutter 

button 25 down. If the operator presses the shutter button 25 down (Yes), then the 
process proceeds to step 51a (see Fig. 9). If the operator does not press the shutter 
button 25 down (No), the process of the step 50f is repeated. 

[00252] With reference to Fig. 9, steps 51a to 51 y will be described below. 

[00253] Step 51a: It is determined whether or not a shutter speed (exposure time) is 

longer than ti. For example, the CPU 26 determines whether or not the shutter 
speed (the exposure time) is longer than t|. 

[00254] If the shutter speed (the exposure time) is shorter than or equal to ti under 

the condition that the zoom ratio of the zoom section 6 is smaller than or equal to a 
constant value (No), then the process proceeds to step 51b. If the shutter speed 
(the exposure time) is longer than t1 (Yes), then the process proceeds to step 51 d. 
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[00255] Step 51b: A picture is taken without correcting shaking motion (without 

correcting shaking motion). 
[00256] Step 51c: Taking a picture is completed and the process is terminated. 

[00257] Step 51 d: The shaking motion correction priority switch is turned ON. 

[00258] Step 51 e: It is determined whether or not the shutter speed (the exposure 

time) is longer than t 2 . 

[00259] If the shutter speed (the exposure time) is shorter than or equal to t 2 (No), 

then the process proceeds to step 51 f. If the shutter speed (the exposure time) is 

longer than t 2 (Yes), the process proceeds to step 51 h. 
[00260] Step 51f: It is determined whether or not the shaking motion occurs radically, 

and whether or not the zoom ratio is higher than or equal to a constant value. 
[00261] If the shaking motion does not occur radically and the zoom ratio is higher 

than the constant value (No), then the process proceeds to step 51 g. If the shaking 

motion occurs radically and the zoom ratio is lower than or equal to the constant 

value (Yes), then the process proceeds to step 51 i. 
[00262] Step 51 g: The process proceeds to a routine for correcting the shaking 

motion (step 51 r) while a resolution is set to be a preset resolution N 0 . 
[00263] Step 51 h: It is determined whether or not the set resolution N 0 is higher than 

a predetermined resolution Ni. 
[00264] If the set resolution N 0 is lower than or equal to the predetermined resolution 

Ni (No), then the process proceeds to the step 51 r. If the set resolution N 0 is higher 

than the predetermined resolution Ni (Yes), then the process proceeds to step 51 i. 
[00265] Step 51 i: The speed of the transfer clock of the pixel transfer section 23 is 

increased by the clock control section 27. Thus, the frame rate is increased. 
[00266] Step 51j: It is determined whether or not the shaking motion occurs radically. 
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[00267] If the shaking motion does not occur radically and the zoom ratio is lower 

than or equal to the constant value, that is, the shaking motion is very small (No), 
then the process proceeds to step 51k. If the shaking motion occurs radically or the 
zoom ratio is higher than the constant value, that Is, the shaking motion occurs 
radically to some extent (Yes), then the process proceeds to step 51m. 

[00268] Step 51k: The process proceeds to step 51 r while the resolution is set to be 

the predetermined resolution Ni. 

[00269] Step 51m: It is determined whether or not the set resolution is higher than a 

predetermined resolution N 2 , or it is determined whether or not the frame rate is 
lower than a predetermined value fn. 

[00270] If the set resolution is lower than or equal to the predetermined resolution N 2 , 

or the frame rate is higher than or equal to the predetermined value fn (No), then the 
process proceeds to step 51 r. 

[00271] If the set resolution is higher than the predetermined resolution N 2 , or the 

frame rate is lower than the predetermined value fn (Yes), then the process 
proceeds to step 51 n. 

[00272] Step 51 n: The process proceeds to step 51 p in order to set the resolution to 

be the resolution N 2 which is lower than the predetermined resolution Nv 

[00273] Step 51 p: By the resolution changing section 24 and the decimation control 

section 25a, a pixel output from the image pickup section 5 is decimated or 
information indicating a plurality of pixels in the in-plane direction is added to each 
other to generate information indicating one pixel, thereby decreasing the number of 
pixels (i.e. decreasing the resolution) (the resolution is set to be the resolution N 2 ). 
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[00274] Step 51 q: As a result of setting the resolution to be the resolution N 2 which is 

lower than the predetermined resolution Ni, a value of the highest speed of the 
frame rate is increased. The frame rate is increased. 

[00275] Step 51 r: It is determined whether or not an input of an image to the routine 

for correcting the shaking motion is started in order to take a plurality of frames 
(images) into the image pickup apparatus 100. If the input of the image is started 
(Yes), the process proceeds to step 51 y. 

[00276] Step 51 y: The total number of frames ni as t required for a dividing exposure is 

calculated based on exposure time (i.e. a shutter time), a diaphragm value and a 
frame rate. When the shaking motion occurs radically, the shutter time is shortened 
for each still picture. 

[00277] Step 51 s: n is set be 0 (n = 0). 

[00278] Step 51 1: n is incremented by one (n = n + 1). 

[00279] Step 51 u: The n-th image is taken, and the n-th static image from the image 

pickup section 5 is stored into the sub-memory 8 (i.e., n-th static image data is 
obtained). 

[00280] Step 51 v: It is determined whether or not the static image data is the 1st 

static image data. 

[00281] If the static image data is the 1st static image data (Yes), then the process 

proceeds to step 51w. If the static image data is not the 1st static image data (No), 
then the process proceeds to step 52a (see Fig. 10). 

[00282] Step 51w: A part of the image of the image pickup section 5 is cut out to 

obtain image data h. 

[00283] Step 51x: The image data U is stored in the main image memory 30. 

[00284] With reference to Fig. 10, steps 52a to 52t will be described below. 

49288.3100 35 
Attorney Docket 

1852326.1 



[00285] Step 52a: The motion of a specific point between the first image data and the 

second image data is calculated by the shaking motion detecting section 15 so as to 
obtain a shaking motion amount Mn (see Fig. 2). 

[00286] When image data indicating a first image D-i, taken at time of t = ti, is stored 

in the first memory 16 included in the shaking motion detecting section 15 and 
image data indicating a second image D 2) taken at time of t = t 2l is stored in the 
second memory 17 included in the shaking motion detecting section 15, the shaking 
motion detecting section 15 detects a shaking motion amount Mi (e.g. a motion 
vector (x1, y1) ) between the image and the image D 2 based on the image data 
indicating two images (i.e. the image data indicating the image and the image 
data indicating the image D 2 ) and outputs data indicating the shaking motion 
amount. 

[00287] Step 52b: It is determined whether or not the integral value of the shaking 

motion amount Mn is greater than or equal to a constant value. 

[00288] If the integral value of the shaking motion amount Mn is greater than or equal 

to the constant value (Yes), then it is determined that the taken image gets out of a 
specific region and the process proceeds to step 52c. If the integral value of the 
shaking motion amount Mn is smaller than the constant value (No), then the process 
proceeds to step 52s. 

[00289] Step 52c: A value of "1" (one) is added to the value stored in the error 

register. The n-th image is not stored in the main image memory 30, and the 
process proceeds to step 52h. 

[00290] Step 52s: It is determined whether or not the integral value of the shaking 

motion amount Mn is greater than or equal to another constant value. If the integral 
value of the shaking motion amount Mn is greater than or equal to another constant 
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value, then a value of "1" (one) is added to the value stored in the second error 
register. 

[00291] Step 52d: Image data l n , which is cut out from the image data output from the 

image pickup section 5 in the longitudinal direction in accordance with the shaking 
motion amount Mn, is stored in the sub-image memory 8. 

[00292] Step 52e: It is determined whether or not the stroboscope is turned ON. If the 

stroboscope is turned ON (Yes), then the process proceeds to step 52f. If the 
stroboscope is not turned ON (No), then the process proceeds to step 52g. 

[00293] Step 52f: The image data In is previously masked by the masking section 20 

(see Fig. 4 and 3. Masking operation). 

[00294] Step 52g: The image data l n , subjected to the correction of the shaking 

motion in the lateral direction and the correction of the shaking motion in the 
longitudinal direction, is obtained from the shaking motion correcting section 9. 

[00295] For example, the image data In is sent to the calculating section 29 and a 

calculation (e.g. addition, integration) is performed on the image data stored in the 
main image memory 30 and the image data l n , and the calculation result is stored 
back into the main image memory 30. 

[00296] Step 52h: The shaking motion correcting control section 21 determines 

whether or not n is equal to ni as t (i.e. n = ni as t is satisfied), where ni as t denotes a last 
value for n. 

[00297] If n = niast is satisfied (Yes), then the process proceeds to step 52i. If n = ni ast 

is not satisfied (No), then the process proceeds to step 51 1 (see Fig. 9) in order to 
take another image data. 
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[00298] Step 52i: The frequency of the transfer clock of the image pickup section 5 is 

lowered by the clock control section 27. Alternatively, the transfer clock of the image 
pickup section 5 may be stopped in order to reduce power consumption. 

[00299] Step 52j: It is determined whether or not the value stored in the second error 

register is greater than or equal to a constant value. 

[00300] If the value stored in the second error register is smaller than the constant 

value (No), then the process proceeds to step 52n. If the value stored in the second 
error register is greater than or equal to the constant value (Yes), then the process 
proceeds to step 52k. 

[00301] Step 52k: It is determined whether or not a lacking part can be eliminated 

(whether or not the range of the lacking part is within the range in which the lacking 
part can be eliminated) by resizing an integrated image. 

[00302] For example, a lacking part 34a is generated in the corrected image 33c (see 

Fig. 4). In this case, a lacking part 34b is also generated in the integrated image 
35c. Accordingly, it is necessary to resize the integrated image 35c in order to 
eliminate the lacking part 34b. In this case, it is determined whether or not the 
lacking part 34b can be eliminated (whether or not the range of the lacking part 34b 
is within the range in which the lacking part 34b can be eliminated) by resizing the 
integrated image 35c. 

[00303] If the lacking part can be eliminated (Yes), then the process proceeds to step 

52m. If the lacking part cannot be eliminated (No), then the process proceeds to 
step 52p. 

[00304] Step 52m: The lacking part 34b is eliminated by resizing the integrated image 

35c, so as to obtain an integrated image 35d having no lacking part (see Fig. 4). 
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[00305] Step 52n: The data indicating the integrated image 35d is recorded on the 

recording medium 14. 

[00306] Step 52p: Even if the correction of the shaking motion is performed, the 

lacking part cannot be eliminated. Therefore, an operator is notified of the failure to 
correct the shaking motion. For example, the statement having the meaning of 
"Error in the shaking motion correction (out of range)" is displayed on the display 
section 12 (see Fig. 1). Further, an error warning sound is output from the speaker 
37. Further, the vibrator 36 is vibrated. 

[00307] Step 52q: It is determined whether or not the main display setting is turned 

ON. 

[00308] If the main display setting is turned ON (Yes), then the process proceeds to 

step 52r. If the main display setting is not turned ON (No), then the process 
proceeds to step 52t. 

[00309] Step 52r: The integrated image subjected to the correction of the shaking 

motion, which is stored in the main image memory 30, or the resized image is 
displayed on the display section 12. 

[00310] Step 52t: The image subjected to the correction of the shaking motion is 

recorded on the recording medium 14. When another image subjected to the 
correction of the shaking motion is to be taken after a predetermined time passes, 
the process returns back to the initial step 50a (see Fig. 8). 

[00311] Thus, according to the image pickup method of the present invention, 

information indicating a plurality of frames can be subjected to the correction of the 
shaking motion and information indicating a static image can be generated. As a 
result, it is possible to obtain one static image subjected to the correction of the 
shaking motion. 
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[00312] As described above, in the chapter titled (5. Image pickup method 1), the 

exemplary embodiment of the present invention has been described with reference 
to Fig. 1 and Figs. 8 to 10. 

[00313] For example, in the embodiment shown in Figs. 8 to 10, step 52a 

corresponds to "the step of detecting an amount of shaking motion between a 
plurality of frames representing a static image which is taken", steps 52b to 52g 
correspond to "the step of correcting a plurality of frame information indicating the 
plurality of frames in accordance with the detected amount of the shaking motion", 
step 52g corresponds to "the step of staring the plurality of frame information 
subjected to the correction of the shaking motion", and step 52g or step 52m 
corresponds to "the step of generating static image information indicating a static 
image based on the plurality of frame information stored in the storage section". 

[00314] However, the image pickup method of the present invention is not limited to 

the embodiment shown in Figs. 8 to 10. Each of the steps included in the image 
pickup method can be processed in any arbitrary manner as long as the image 
pickup method has the functions of "detecting an amount of shaking motion 
between a plurality of frames representing a static image which is taken", "correcting 
a plurality of frame information indicating the plurality of frames in accordance with 
the detected amount of the shaking motion", "storing the plurality of frame 
information subjected to the correction of the shaking motion", and "generating static 
image information indicating a static image based on the plurality of frame 
information stored in the storage section". 

[00315] For example, as described with reference to Figs. 8 to 10, the calculating 

section 29 sequentially calculates each of a plurality of image data (frame 
information) stored in the main image memory 30, thereby generating static image 
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information. Alternatively, the calculating section 29 may simultaneously calculate a 
plurality of image data (frame information) stored in the main image memory 30, 
thereby generating the static image information. 
[00316] 6. Image pickup method 1 (sequential calculation) 

[00317] Fig. 11 shows a procedure of a sequential calculation process according to 

an embodiment of the present invention. In the procedure of the sequential 
calculation process, each of a plurality of image data (frame information) is 
sequentially calculated to generate static image information. 

[00318] With reference to Figs. 1 and 11, the procedure of the sequential calculation 

process after the preparation of taking a picture is completed (the process starting 
from step 51s in Fig. 9) will be described below step by step. 

[0031 9] Step 1 0a: n is set to be 0 (n = 0). 

[00320] Step 10b: n is incremented by one (n = n + 1). 

[00321] Step 10c: The n-th image is taken, and the n-th image is stored into the sub- 

memory 8. 

[00322] Step 10d: The n-th image is subjected to the correction of the shaking motion 

so as to obtain an image P n which has been subjected to the correction of the 
shaking motion. 

[00323] Step 10e: The calculating section 29 multiplies the data indicating the image 

P n subjected to the correction of the shaking motion by m (P n X m). 

[00324] Step 10f: The calculating section 29 adds the data indicating the image P n 

multiplied by m to the image data stored in the main image memory 30 (z n -\ = i (Pi x 
m) + (P n X m)). 

[00325] Step 10g: The result of the addition is stored in the main image memory 30. 
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[00326] Step 10h: It is determined whether or not n is equal to ni ast (n = ni as t is 

satisfied), where mast denotes the last value for n. 
[00327] If n = n^st is satisfied (Yes), then the process proceeds to step 10i. If n = ni as t 

is not satisfied (No), then the process proceeds to step 10b in order to take another 

image data. 

[00328] Step 10i: The sub-calculating section 29a multiples, by 1 / s , the image data 

multiplied by m and added sequentially, so as to generate image data P x indicating 
a static image (P x = ( z n i=1 (Pi x m)) /s). 

[00329] Step 10j: The generated image data P x is output to the recoding section 13. 

[00330] After the generated image data P x is output to the recoding section 13, the 

process is completed. 

[00331] Thus, according to the procedure of the sequential calculation process, each 

of the image data (frame information) is sequentially calculated to generate static 
image information. Therefore, it is possible to shorten the time required for 
generating the static image information. 

[00332] Further, the calculating section 29 adds the data indicating the pixel P n 

multiplied by m to the image data stored in the main image memory 30 and the sub- 
calculating section 29a multiplies, by 1/s, the image data multiplied by m and added 
sequentially so as to generate image data P x indicating a static image. By setting 
the value of m and the value s to arbitrary values, it is possible to obtain a single still 
picture having a desired brightness. 



[00333] 7. Image pickup method 1 (simultaneous calculation) 

[00334] Fig. 12 shows a procedure of a simultaneous calculation process according 

to an embodiment of the present invention. In the procedure of the simultaneous 

49288.3100 42 



Attorney Docket 



calculation process, a plurality of image data (frame information) are simultaneously 

calculated, thereby generating static image information. 
[00335] With reference to Figs. 1 and 12, the procedure of the simultaneous 

calculation process after a preparation of taking a picture is completed (the process 

starting from step 51s in Fig. 9) will be described below step by step. 
[00336] Step 20a: n is set to be 0 (n = 0). 

[00337] Step 20b: n is incremented by one (n = n + 1). 

[00338] Step 20c: The n-th image is taken. 

[00339] Step 20d: The data indicating the n-th image is stored in the main image 

memory 30. 

[00340] Step 20e: The calculating section 29 determines whether or not n is equal to 

niast (n = nost is satisfied), where ni as t denotes the last value for n. 

[00341] If n = ni as t is satisfied (Yes), then the process proceeds to step 20f. If n = ni ast 

is not satisfied (No), the process proceeds to the step 20b in order to take another 
image data. 

[00342] Step 20f: The n number of images are subjected to the correction of the 

shaking motion. The respective pixels of the n number of images subject to the 
correction of the shaking motion are integrated so as to generate image data P x 
indicating one static image. 

[00343] Step 20g: The generated image data P x is output to the recording section 13. 

[00344] After the generated image data P x is output to the recording section 13, the 

process is completed. 

[00345] Thus, according to the procedure of simultaneous calculation process, a 

plurality of image data (frame information) is simultaneously calculated to generate 
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static image information. Therefore, it is possible to reduce the load of the 
calculating section 29. 

[00346] As described in the chapter titled (6. Image pickup method 1 (sequential 

calculation)), the image data can be appropriately multiplied by m and 1/s by the 
sub-calculating section 29a. Accordingly, it is possible to obtain a single still picture 
having a desired brightness. 

[00347] 8. Image pickup method 2 

[00348] Fig. 13 shows a procedure of a process for correcting the shaking motion by 

integrating a plurality of images (divided images) in accordance with a shutter speed 
(exposure time) and a brightness in the place where a picture is to be taken. 

[00349] The procedure of this process will be described below step by step. 

[00350] Step 99a: The resolution, the number of pixels and the number of divided 

images are set, respectively. 

[00351] Step 99b: It is determined whether or not the shaking motion correction 

priority switch is turned ON. 

[00352] If the shaking motion correction priority switch is not turned ON (No: 

resolution priority mode), then the process proceeds to step 80C (see Fig. 19 
described later), for example. If the shaking motion correction priority switch is 
turned ON (Yes: shaking motion correction priority mode), then the process 
proceeds to step 99c. 

[00353] Step 99c: It is determined whether or not a brightness in the place where a 

picture is to be taken is smaller than a predetermined value defined in accordance 
with a resolution. 
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[00354] If the brightness is smaller than the predetermined value (Yes), then the 

process proceeds to step 99f. If the brightness is greater than or equal to the 
predetermined value (No), then the process proceeds to step 99d. 

[00355] Step 99d: It is determined whether or not a shutter opening time (exposure 

time) S is greater than a predetermined value defined in accordance with the 
resolution. 

[00356] If the shutter opening time S is greater than the predetermined value (Yes), 

then the process proceeds to step 99f. If the shutter opening time S is smaller than 
or equal to the predetermined value (No), then the process proceeds to step 99e. 

[00357] Step 99e: It is determined whether or not the amount of shaking motion is 

larger than a predetermined value. 

[00358] If the amount of shaking motion is larger than the predetermined value (Yes), 

then the process proceeds to step 99f. If the amount of shaking motion is smaller 
than or equal to the predetermined value (No), then an normal process for taking a 
picture (a process for taking a picture without adding pixels in the time axis 
direction) is performed (step 99m). 

[00359] Step 99f: A resolution (a threshold resolution) at which the shaking motion 

is not conspicuous is set in accordance with at least one of the brightness in the 
place where a picture is to be taken, the shutter opening time (exposure time) and 
the frame rate. 

[00360] After the resolution is set, the process proceeds to step 99g. 

[00361] Step 99g: It is determined whether or not the resolution Ni is greater than an 

initial resolution N 0 . 

[00362] If the resolution ^ is greater than the initial resolution No (Yes), then a 

normal process for taking a picture (a process for taking a picture without adding 
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pixels in the time axis direction) is performed (step 99m). If the resolution N-i is 
smaller than or equal to the initial resolution N 0 , then the process proceeds to step 
99h. 

[00363] Step 99h: The resolution Ni is changed to a resolution N 2 which is smaller 

than the initial resolution N 0 . 

[00364] Step 99i: The resolution is set to be N 2 by performing at least one of adding 

pixels in a horizontal direction (a horizontal addition process) and adding pixels in a 
vertical direction (a vertical addition process). The details of the horizontal addition 
process and the vertical addition process will be described later. 

[00365] Step 99j: The frame rate is increased. 

[00366] Step 99k: Multiple exposure is performed in an overlapped manner (time axis 

direction, a pixel addition mode). Next, the process proceeds to step 51 y (see Fig. 
9), for example. 

[00367] 9. Change of resolution 

[00368] Fig. 14 shows a procedure of a process for changing a resolution by adding 

pixels in the in-plane direction and adding pixels in the time axis direction. 
[00369] With reference to Fig. 14, the procedure of the process for changing a 

resolution by adding pixels in the in-plane direction and adding pixels in the time 

axis direction will be described below step by step. 
[00370] Step 70a: The data indicating nine pixels (pixels 60a to 60i) within the image 

pickup element are added in the in-plane direction so as to generate data indicating 

one pixel 62. 

[00371] Step 70b: Virtual addresses are set such that the number of the virtual 

addresses is greater than the number of actual addresses (virtual addresses axe set 
by increasing the amount of the actual addresses). A virtual cutout part 65 is set in 
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accordance with information for correcting the shaking motion (shaking motion 
information). 

[00372] Step 70c: The data indicating image 61 is shifted over the virtual addresses 

in accordance with the information for correcting the shaking motion. In this case, 
data indicating anew pixel 66 is generated based on data indicating the original pixel 
62 and data indicating surrounding pixels. 

[00373] Fig. 15 shows a principle for correcting the shaking motion by setting the 

number of pixels which is larger than the number of actual pixels according to an 
embodiment of the present invention. The amount of shaking motion correction has 
a resolution of 1/10 of the pixel. In order to precisely perform the correction, virtual 
pixels 67 are generated by dividing the pixel 62 into 10 parts and the virtual pixels 
67 are shifted. 

[00374] After the virtual pixels 67 are shifted over a virtual space, the process 

proceeds to step 70d. 
[00375] Step 70d: An image is cut out. 

[00376] Step 70e: The data indicating a cutout image 64 is obtained. The data 

indicating a protruded part 68 is discarded. 
[00377] Step 70f: The data indicating the cutout image 64 is stored in the main image 

memory 30. The amount of the correction of the shaking motion is stored in the 

main image memory 30. 
[00378] Step 70g: When data indicating a new image 61a is input, the same process 

of steps 70a to 70d is performed. 
[00379] Step 70h: The data indicating the cutout image 64a is obtained based on the 

amount of the correction of the shaking motion. 
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[00380] Step 70i: The data indicating a synthetic image 71 is obtained by adding (or 

integrating) data indicating pixels of the cutout image 64 and data indicating pixels 
of the cutout image 64a in the time axis direction. 

[00381] Step 70j: The data indicating the synthetic image 71 is stored in the main 

image memory 30. 

[00382] Step 70k: When data indicating a new image 61 b is input, the same process 

of steps 70a to 70e is performed. Data indicating a cutout image 64b is obtained. 

[00383] Step 70m: The data indicating a synthetic image 71a is obtained by adding 

data indicating pixels of the synthetic image 71 and data indicating pixels of the 
cutout image 64b in the time axis direction. 

[00384] Step 70n: A shaking motion correction amount 72 is generated by calculating 

a. first shaking motion correction amount 69, a second shaking motion correction 
amount 69a and a third shaking motion correction amount 69b. An overlapping 
region 73 in which three images are added in an overlapped manner is specified 
from the synthetic image 71a based on the shaking motion correction amount 72. 

[00385] Step 70p: An enlarging interpolation is performed by performing a zooming 

calculation on the data indicating the overlapping region 73. As a result, data 
indicating an enlarged image 74 is obtained. The details of the enlarging 
interpolation and the reducing interpolation will be described later. 

[00386] The data indicating the static image 74 subjected to the correction of the 

shaking motion is obtained and the process is completed. 

[00387] In the embodiment described with reference to Fig. 14, three images are 

integrated. However, the number of the images to be integrated is not limited to be 
three. For example, the longer the exposure time is, the larger number of images 
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are integrated. By integrating the larger number of images, it is possible to take a 
picture in a dark place. 

[00388] Fig. 16 shows a method for adding pixels in the in-plane direction. The 

addition in the in-plane direction includes an addition in a vertical direction and an 
addition in a horizontal direction. 

[00389] Fig. 16(a) shows a method for the addition in the vertical direction. When 

reading pixels in the vertical direction, a vertical addition process is performed on R 
(red) (m, n+1) and R (m, n) so as to generate R (m, n+1) + R (m, n). 

[00390] Fig. 16(b) shows a method for the addition in the horizontal direction. Pixels 

for the same color are added to each other in the horizontal direction. For example, 
a horizontal addition process is performed on G (m, n+1) + G (m, n) and G (m+1, 
n+1) + G (m+1, n) so as to generate G (m, n+1) + G (m, n) + G (m+1, n+1) + G 
(m+1, n). 

[00391] As described with reference to Fig. 16, it is possible to generate data 

indicating one pixel from data indicating four pixels by performing the addition in the 
in-plane direction. 

[00392] As will be described below, it is possible to cut out an image more accurately 

by shifting the cutout position of the image in the process for adding pixels in the in- 
plane direction. 

[00393] Fig. 17 is a diagram for explaining a shift of the cutout position of an image. 

[00394] The addition switching section 102a and the addition switching section 102b 

switch an addition mode between an A mode 103 and a B mode 104 in accordance 
with the correction signal or a detection signal (shaking motion information) output 
from the shaking motion detecting section 15 (see Fig. 1). Thus, in the process for 
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adding pixels in the in-plane direction (see Fig. 16), it is possible to cut out an image 
more accurately by shifting the cutout position of the image by one pixel. 

[00395] Fig. 18 shows a principle of a reducing interpolation, a principle of an 

enlarging interpolation and a principle of correcting the shaking motion with a high 
resolution. Fig. 18(a) shows the principle of the reducing interpolation. It is possible 
to obtain a plurality of (six) pixels as the result of the reducing interpolation from the 
original (eight) pixels. Fig. 18(b) shows the principle of the enlarging interpolation. It 
is possible to obtain a plurality of (eight) pixels as the result of the enlarging 
interpolation from the original (six) pixels. Fig. 18(c) shows the principle of correcting 
the shaking motion with a high resolution. 

[00396] 10. Removal of image for which the shaking motion fails to be detected 

[00397] Fig. 19 shows a procedure of a process for removing an image for which the 

detection of the shaking motion fails. 

[00398] With reference to Fig. 19, the procedure for the process for removing an 

image for which the detection of the shaking motion fails will be described below 
step by step. 

[00399] Step 80a: It is determined whether or not a shutter speed (exposure time) is 

longer than t'. 

[00400] If the shutter speed (the exposure time) is longer than t' (Yes), then the 

process proceeds to step 80b. 
[00401] Step 80b: It is determined whether or not the shaking motion occurs radically. 

[00402] If the shaking motion does not occur radically (No), then the process 

proceeds to step 80c. If the shaking motion occurs radically (Yes), then the process 

proceeds to step 80d. 
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[00403] Step 80c: A picture is taken while the resolution is set to a resolution which is 

preset. 

[00404] Step 80d: It is determined whether or not the correction of the shaking motion 

is performed with priority. If the setting for performing the correction of the shaking 
motion is turned ON (Yes), then the process proceeds to step 80e. If the setting for 
performing the correction of the shaking motion is not turned ON (No), then the 
process proceeds to step 80c. 

[00405] Step 80e: A shaking motion correction mode is displayed. 

[00406] Step 80f: It is determined whether or not the exposure time t is set to be ti < t 

<t 2 . 

[00407] If the exposure time t is set to be ti < t < t 2 (Yes), then the process proceeds 

to the step 81 d. Then, the pixels are added in the in-plane direction (step 81 d), the 
exposure time t is set to be t < ti (step 81 e) and taking a picture is started (step 81 f). 

[00408] If the exposure time t is not set to be ti < t < t 2 (No), then the process 

proceeds to the step 80g where it is determined whether or not the exposure time is 
set to be t 2 < t < If the exposure time t is not set to be t 2 < t < t 3 (No), then the 
process is stopped (step 81 g). If the exposure time t is set to be t 2 < t < k (Yes), 
then the process proceeds to step 80h. 

[00409] Step 80h: The setting for adding pixels in the in-plane direction is performed. 

[00410] Step 80i: The exposure time t is set to be t < t 2 and the number of pixels P to 

be taken for the correction of the shaking motion is obtained. 

[0041 1] Step 80j: Taking a picture is started. R is set to be 0 (R = 0). 

[0041 2] Step 80k: n is set to be 0 (n = 0). 

[00413] Step 80m: n is incremented by one (n = n + 1). 

[00414] Step 80n: The pixels in the n-th image are added in the in-plane direction. 
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[00415] Step 80p: The shaking motion is detected. 

[00416] Step 80q: It is determined whether or not the shaking motion is successfully 

detected. 

[00417] If the detection of the shaking motion fails (No), R = R + 1 (Step 80r) and it is 

determined whether or not R < R 0 is satisfied (whether or not R is smaller than a set 
value R 0 ). If R < R 0 is not satisfied (No), then the process is stopped (step 80t). If R 
< R 0 is satisfied (Yes), then at least one of a detection point of a motion vector and 
the number of motion vector detections is changed (step 80v) and the process 
proceeds to step 80k in order to perform correction process again from the 
beginning. 

[00418] If the detection of the shaking motion is successful (Yes), then the process 

proceeds to step 80u. 

[0041 9] Step 80u: The corrected image is stored in the main image memory 30. 

[00420] Step 80w: It is determined whether or not n is equal to P (whether or not n = 

P is satisfied). 

[00421] If n = P is not satisfied (No), then the process proceeds to step 80m. If n = P 

is satisfied (Yes), then it is determined that a process for all images (all divided 
images) taken for correcting the shaking motion is completed. Then, the process 
proceeds to step 80x. 

[00422] Step 80x: The corrected images stored in the main image memory 30 are 

added or integrated in the time axis direction. 
[00423] Step 80y: Data indicating one image is generated. 

[00424] Step 80z: A process such as a decimation process is performed on the 

generated data indicating one image, and the result is displayed on the display 
section 12. 
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[00425] Step 81a: An operator determines whether or not an image storage switch is 

turned ON. 

[00426] Step 81b: A compression process (e.g. JPEG and the like) is performed on 

the image data indicating an image so as to reduce the amount of the image data. 

[00427] Step 81c: The image data is recorded on the recording medium 14 (e.g. an 

IC card). 

[00428] As described above with reference to Fig. 19, according to the embodiment 

of the present invention, it is possible to prevent the addition (integration) of the 
corrected image data for which the detection of the shaking motion fails. For 
example, in the case where it is difficult to detect the failure such as a failure to 
detect the addition (integration) of pixels in the time axis direction, it is possible to 
obtain an image subjected to the correction of the shaking motion. Further, it is 
possible to start the integration in the time axis direction from a next image to the 
image for which the detection of the shaking motion fails. Therefore, the use of time 
is more efficient. 



[00429] 1 1 . Display of shaking motion correction amount 

[00430] Fig. 20 shows a structure of an image pickup apparatus 200 according to an 

embodiment of the present invention. 
[00431] The image pickup apparatus 200 can display an amount of the correction of 



the shaking motion in a similar manner as the image pickup apparatus 100. The 
image pickup apparatus 200 includes a shaking motion amount calculating section 
92, a locus calculating section 91, a display section 95, a speaker 97, a vibrator 98, 
a CPU 99, an oscillating gyro 101a, and an oscillating gyro 101b. 
[00432] The shaking motion amount calculating section 92 (the shaking motion 

detecting section 15: see Fig. 1) calculates a shaking motion amount and outputs 
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the shaking motion amount to the display section 95 via a display circuit. The locus 
calculating section 91 calculates a locus of the shaking motion which cannot be 
perfectly corrected by the shaking motion correction and outputs the locus to the 
display section 95 via the display circuit. 

[00433] The CPU 99 determines whether or not the shaking motion amount is larger 

than a predetermined value. If the shaking motion amount is larger than the 
predetermined value, then it instructs at least one of the display section 95, the 
speaker 97 and the vibrator 98 to output the determination result. 

[00434] The display section 95 displays the determination result in accordance with 

the instruction from the CPU 99. The speaker 97 generates a warning sound in 
accordance with the instruction from the CPU 99. The vibrator 98 vibrates in 
accordance with the instruction from the CPU 99. 

[00435] Fig. 21 shows an example of a display section 95 included in the image 

pickup apparatus 200. 

[00436] In the display section 95, the shaking motion amount is displayed by 

indicators 93, 93a, 93b and 93c. By visually observing the display, a person who 
takes a picture can recognize a shaking motion amount and a shaking motion 
direction. By recognizing the shaking motion amount and the shaking motion 
direction, the person can change a method for fixing a camera. As a result, it is 
possible to obtain a static image containing shaking motion less than usual by the 
human operation. 

[00437] Fig. 22 shows another example of a display section 95 included in the image 

pickup apparatus 200. 

[00438] In the display section 95, the locus of the shaking motion which cannot be 

perfectly corrected by the shaking motion correction is displayed, like a locus 94b 
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and a locus 94d. By visually observing the display, a person who takes a picture can 
recognize the degree of a static image subjected to the shaking motion after taking 
a picture. The failure of the shaking motion correction can be confirmed by a small 
display section of the camera. Therefore, the person can check the failure of the 
shaking motion correction. In the case of a filming mode (e.g. panning or panoramic 
view), it is possible to check only the shaking motion in the longitudinal direction. 

[00439] In the display section 95, if a shaking motion amount (x, y) is larger than a 

predetermined value (x 0 , yo) ((x > x 0 or y > y 0 ) or (x > x 0 and y > y 0 )), then a warning 
may be displayed. Further, the speaker may output a warning sound. The 
predetermined value (x 0 , yo) is set, for example, in accordance with a zoom ratio. 

[00440] Further, in the display section 95, if a shaking motion amount (x, y) is smaller 

than the predetermined value (x 0 , yo) ((x < x 0 or y < y 0 ) or (x < x 0 and y < y 0 )) , then a 
message (e.g. "OK") maybe displayed. Further, the speaker may output a sound. 
The predetermined value (xo, yo) is set, for example, in accordance with a zoom 
ratio. 

[00441] Fig. 23 shows a display of a boundary indicator 97 for taking a picture in a 

panning manner or in a panoramic manner. 

[00442] Fig. 23(a) shows a scene to be taken, which is divided into three frames. 

[00443] Fig. 23(b) shows a frame 98a. Fig. 23(c) shows a frame 98b. Fig. 23(d) 

shows a frame 98c. Fig. 23(e) shows a frame 98d. 

[00444] When the scene shown in Fig. 23(a) is to be taken in a panoramic manner in 

a rightward direction, the detection point 96a, among the detection points 96a, 96b 
and 96c (see Fig. 23(b)) which are representative points for detecting a motion 
vector for the shaking motion correction, is moved over the frames and reaches a 
left end of the frame 98b (see Fig. 23(c)). At this time, the shaking motion detecting 
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section 15 for detecting a motion detects that a screen is shifted to the right by L1, 
and a boundary indicator 97a indicating a boundary of a right end of the frame in 
Fig. 23(b) is displayed at a position spaced apart from a right end of the frame by L1 
(see Fig. 23(c)). 

[00445] Similarly, the shaking motion detecting section 15 detects that the screen is 

shifted to the right by L2, and a boundary indicator 97b is displayed at a position 
spaced apart from the right end of the frame by L2 (see Fig. 23(d) ). 

[00446] Similarly, a boundary indicator 97c is displayed at the left end of the screen in 

Fig. 23(e). In this stage, the person who takes a picture can know that a current 
position reaches the next position where the next picture is to be taken. If 
necessary, it is possible to output a sound alert from the speaker 37 (see Fig. 1), 
thereby notifying the person of the sound alert. At this time, the person can take a 
picture of panoramic form almost perfectly by pressing down the shutter button. 

[00447] The method has been described for setting a plurality of detection points over 

the screen and determining the movement of the person who takes a picture as a 
motion in the frame from the motion vector of the detection points. 

[00448] In this method, the detection of a panning is performed by the shaking motion 

detecting section for correcting the shaking motion. However, as shown in Fig. 20, in 
the image pickup apparatus for detecting the shaking motion by using the oscillating 
gyro 101a and the oscillating gyro 101b, it is also possible to detect a panning 
rotation angle of the person by the oscillating gyros and to obtain a rotation angle 9 0 
required for the panning in a transverse direction for one frame in accordance with 
the zoom ratio of the zoom detecting section. 

[00449] In the state shown in Fig. 23(b), the boundary indicator 97 is displayed at the 

right end. In this state, the person takes a picture for the first frame in the panoramic 
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picture. Next, when the person performs the panning (i.e. rotation) of the camera by 
the rotation angle 0 O in the rightward direction, the person can know that a current 
position of the camera reaches a position where the person can take a picture for 
the second frame in the panoramic picture. 

[00450] When the rotation angle reaches the rotation angle 0 O , the boundary indicator 

97c is displayed at the left end (see Fig. 23(e)). At this time, the person is notified 
that the rotation angle reaches the rotation angle 9 0 via the speaker or the display. 
As a result of the person pressing the shutter button at this time, it is possible to 
obtain a panoramic picture which is accurate in the transverse direction. 

[00451] By displaying, on the display section 12, boundary indicators 99a and 99b in 

the vertical direction in addition to the transverse direction, it is possible for the 
person to easily obtain a panoramic picture which is accurate in both of the 
directions (see Fig. 23(b)). In this case, by displaying an accurate panning direction 
using an arrow on the display screen, the person can easily take pictures in a 
panoramic manner by only directing the camera in the direction indicated by the 
arrow. In general, since the person holds the camera with their hand when taking a 
picture, the person cannot accurately determine the direction in which the picture is 
to be taken. However, by automatically adjusting the left, right, upper and lower 
ends of the screen using the shaking motion correcting function of the camera, it is 
possible to take pictures in a panoramic manner very accurately. 

[00452] Even if the left, right, upper and lower ends of the screen are automatically 

adjusted using the shaking motion correcting function of the camera, an error occurs 
between a panoramic scene which has actually been captured and the most ideal 
panoramic scene which can be captured. By additionally recording the error in the 
attribute data (Exif and the like) indicating the attribute of the state in which the 
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picture is taken, it is possible to align the left, right, upper and lower ends of the 
screen more accurately when synthesizing a plurality of images into a single 
panoramic image. This is because the error can be modified based on the error 
information. 

[00453] The function described above can be also realized in a similar manner when 

the shaking motion detecting method is an electronic detecting method. 

[00454] Fig. 24 shows a detection point for detecting the shaking motion within a 

frame. When the detection of the shaking motion fails frequently or the frame rate is 
low, it is possible to increase a success rate of the detection of the shaking motion 
by changing the respective positions of the detection points 96 within the frame 98 
or by increasing the number of the detection points 96 within the frame 98. 

[00455] Thus, according to the image pickup apparatus of the present invention, a 

person who takes a picture can recognize the extent of the shaking motion. By 
recognizing the degree of the shaking motion, the person can change a method for 
fixing a camera. As a result, it is possible to obtain a static image having shaking 
motion which is less than that which would be usually observed by a human 
operation. 

[00456] As described above, in the chapter titled (11. Display of shaking motion 

amount), the exemplary embodiment of the present invention has been described 
with reference to Fig. 1 and Figs. 20 to 23. 

[00457] For example, in the embodiment shown in Fig. 1 and Figs. 20 to 23, the 

shaking motion detecting section 15 (the shaking motion amount calculating section 
92) corresponds to "the shaking motion amount detecting section for detecting an 
amount of shaking motion between a plurality of frames representing a static image 
taken", the CPU 99 corresponds to "the determining section for determining whether 
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or not the amount of the shaking motion is larger than a predetermined value", and 
the display section 95, the speaker 97 and the vibrator 98 correspond to "the output 
section for outputting a result of the determination". 
[00458] However, the image pickup apparatus of the present invention is not limited 

to the embodiment shown in Fig. 1 and Figs. 20 to 23. Each of the components 
included in the image pickup apparatus can have an arbitral configuration as long as 
the image pickup apparatus has each of the functions of "the shaking motion 
amount detecting section for detecting an amount of shaking motion between a 
plurality of frames representing a static image taken", "the determining section for 
determining whether or not the amount of the shaking motion is larger than a 
predetermined value", and "the output section for outputting a result of the 
determination". 

[00459] 12. The operations of the locus calculating section 

[00460] The operations of the locus calculating section 91 according to the present 

invention will be described in detail with reference to Fig. 25. 

[00461] The shaking motions of the image pickup apparatus (camera) 1 caused by 

hand movements are detected by, for example, the angle velocity detecting sections 
101a and101b. The angle velocity detecting sections 101a and 101b output shaking 
motion detection signals indicating the shaking motions of the image pickup 
apparatus 1 . 

[00462] The angle velocity detecting sections 101a and 101b may be, for example, 

angle velocity sensors. The angle velocity sensors may be, for example, shaking 
motion gyroscopes respectively having a plurality of vibration frequencies which are 
different from each other. 



49288.3100 59 
Attorney Docket 

1852326.1 



[00463] The shaking motion detection signals output from the angle velocity detecting 

sections 101a and 101b are sampled by the sampling circuit 102 at a sample 
frequency f s generated by the sample frequency generation section 104. As a result, 
the analog data indicating the angle velocity is converted into digital data. 

[00464] Thus, the angle velocity detecting sections 101a and 101b function as a 

shaking motion detecting section for detecting the shaking motion of the image 
pickup apparatus 1 and for outputting a shaking motion detection signal indicating 
the shaking motion of the image pickup apparatus 1. It should be noted, however, 
that the angle velocity detecting sections 101a and 101b are merely an example of 
the shaking motion detecting section. The shaking motion detecting section may 
have any configuration as long as it has functions for detecting the shaking motion 
of the image pickup apparatus 1 and for outputting a shaking motion detection 
signal indicating the shaking motion of the image pickup apparatus 1. 

[00465] The locus calculating section 91 obtains locus information indicating the locus 

of the shaking motion of the image pickup apparatus 1, based on at least the 
shaking motion detection signal output by the shaking motion detecting section 
(e.g., the angle velocity detecting sections 101a and 101b). For example, the locus 
calculating section 91 may obtain, as the locus information, information indicating a 
change in the shaking motion detection signal during a predetermined period of 
time. For example, in the case where the shaking motion detecting section includes 
an angle velocity sensor, the locus calculating section 91 may obtain angle 
information by integrating the output from the angle velocity sensor and may obtain, 
as the locus information, information indicating a change in the angle information 
during a predetermined period of time. 
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[00466] The shaking motion correction section 115 functions as an electronic shaking 

motion correcting section for performing a calculation processing on the image 
information which is output from the image pickup section 5 and is stored in the 
image memory 120 and the locus information, so as to obtain corrected image 
information which is subjected to the correction of the shaking motion. 

[00467] Instead of the electronic shaking motion correcting section, it is possible to 

provide a mechanical shaking motion correcting section for mechanically correcting 
the shaking motion of the image pickup apparatus 1 in accordance with the shaking 
motion detection signal output from the shaking motion detecting section (e.g., the 
angle velocity detecting sections 101a and 101b), so as to obtain corrected image 
information which is subjected to the correction of the shaking motion by an actual 
shaking motion correction amount. In this case, the locus calculating section 91 
obtains, as the locus information, information indicating the change during a 
predetermined period of time in the difference between the shaking motion detection 
signal and the actual shaking motion correction amount, for example. 

[00468] Alternatively, it is possible to provide an electronic shaking motion correcting 

section which obtains second corrected image information which is subjected to the 
correction of the shaking motion in the first corrected image information by a second 
shaking motion correction amount, in addition to the mechanical shaking motion 
correcting section which obtains first corrected image information which is subjected 
to the correction of the shaking motion in the image information by a first shaking 
motion correction amount. In this case, the locus calculating section 91 obtains, as 
the locus information, information indicating the change in the remaining shaking 
motion amount during a predetermined period of time, the remaining shaking motion 
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amount indicating the difference between the actual shaking motion correction 
amount and the first shaking motion correction amount, for example. 

[00469] It is possible to integrate, on a single semiconductor chip, a partial 

configuration or the entire configuration of the image pickup apparatus 1 shown in 
Fig, 25 and Fig. 30 through Fig. 33. For example, it is also possible to integrate, on 
a single semiconductor chip (a semiconductor integrated circuity at least one of the 
locus calculating section 91, the shaking motion correction section 115 (the 
electronic shaking motion correcting section), and the shaking motion correction 
control section 141 (the mechanical shaking motion correcting section). 

[00470] 12.1 Optimal sampling and compression 

[00471] Fig. 26(a) shows a case where all samples are obtained at a normal uniform 

time interval (i.e., a predetermined sample frequency f s ). When the zoom ratio of the 
zoom section 6 is large or during a period in which the shaking motion of the camera 
is large, in other words, during a period in which the temporal change amount in the 
output values of the angle velocity detecting sections 101a and 101b is large, a 
sampling process is performed more finely at a double frequency of the sample 
frequency, namely at 2f s , as shown with the points 103a and 103b in Fig. 26(b). 
Conversely, during a period in which the temporal change amount is small, a 
sampling process is performed more roughly at a half frequency of the sample 
frequency, namely at f s /2, as shown with the points 103c and 103d. In a normal 
period, a sampling process is performed in a standard fashion, at the frequency f s , 
as shown with the point 103e. 

[00472] As shown in Fig. 26(b), the sample frequency generated by the sample 

frequency generation section 104 is changed in accordance with the zoom ratio, the 
angle velocity amount, or how large the amount of change in the angle velocity is. 
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With this arrangement, it is possible to perform the optimal sampling. As a result, it 
is possible to obtain the locus data required for the shaking motion correction of the 
locus, without increasing the amount of information. In the case where the locus 
data 113 is recorded onto an external storage medium 105, it is possible to make 
the volume of the stored data smallest. In addition, there is no need to increase the 
sample frequency for the entire period, thereby reducing the power consumption. 

[00473] As another method, it is possible to set the sample frequency at a highest 

speed, and to perform a digital conversion by sampling the shaking motion detection 
amount, wherein the number of samples may be increased or decreased in 
accordance with the amount of changes in the shaking motion, by way of an internal 
processing of the locus calculating section 91. With this method, it is also possible 
to compress the locus data. 

[00474] 12.2 Addition of image pickup information 

[00475] The data compression section 105 compresses the locus data output from 

the locus calculating section 91. The method of compression is the same as the 
method of compression described above. The image pickup information addition 
section 106 adds data indicating a file format of the image pickup information, such 
as Exif data 107, to the locus data compressed by the data compression section 
105. The output data generation section 110 generates output data by adding the 
data output from the image pickup information addition section 106 to the image P, 
which is subjected to the correction of the shaking motion, output from the corrected 
image output section 108 or the image data P', which is not subjected to the 
correction of the shaking motion, directly output from the switching section 109. 

[00476] The shaking motion amount measurement section 1 1 1 measures the shaking 

motion amount and generates a control signal for switching the switching section 
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109 in accordance with the measured shaking motion amount. The locus calculating 
section 91 includes a processing amount calculating section 116 for calculating a 
processing amount in the shaking motion correction section 115 and for generating 
a control signal for switching the switching section 109 in accordance with the 
calculated processing amount. 

[00477] The switching section 109 switches between out-putting the image data from 

the image pickup section 5 to the shaking motion correction section 115 and 
outputting the image data from the image pickup section 5 to the output data 
generation section 1 10, in accordance with at least one of the control signal from the 
shaking motion amount measurement section 111 and the control signal from the 
processing amount calculating section 116. 

[00478] In the case where the shaking motion amount measured by the shaking 

motion amount measurement section 111 is larger than a predetermined amount, 
the shaking motion amount measurement section 111 switches the switching 
section 109 such that the image data from the image pickup section 5 is directly 
output to the output data generation section 110, by bypassing the shaking motion 
correction section 115. For example, in the case where the processing amount in 
the shaking motion correction section 115 which has been calculated by the 
processing amount calculating section 116 is larger than a predetermined 
processing amount (i.e., in the case where the processing amount in the shaking 
motion correction section 115 exceeds the processing capability of the shaking 
motion correction section 115), the processing amount calculating section 116 
switches the switching section 109 such that the image data from the image pickup 
section 5 is directly output to the output data generation section 110, by bypassing 
the shaking motion correction section 115. In this case, the output data generation 
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section 110 generates the output data by adding the data output from the image 
pickup information addition section 106 (e.g. Exif data 107 including the locus data 
1 13 for the shaking motion such as a Point Spread Function (PSF) or the like) to the 
image P', which is not subjected to the correction of the shaking motion, output from 
the switching section 109. 

[00479] In the case where the image data from the image pickup section 5 is output 

to the shaking motion correction section 115, the output data generation section 110 
generates the output data by adding the data output from the image pickup 
information addition section 106 (e.g. Exif data 107 including the shaking motion 
locus data 113 such as a Point Spread Function (PSF) or the like) to the image P, 
which is subjected to the correction of the shaking motion, output from the corrected 
image output section 108. 

[00480] The output data is recorded onto the external storage medium 114 by the 

output data output section. The recorded image data and the locus data 113 for the 
shaking motion can be processed in a personal computer which is provided on the 
outside of the camera 1 and which has a higher processing capability. As a result, it 
is possible to perform the post-processing of the shaking motion correction process 
even if the image data has a large amount of shaking motion and the amount of 
correction processing is large. 

[00481] The operations of the image pickup apparatus ( camera) 1 will be described 

with reference to Fig. 25. 

[00482] The light incident to the camera 1 goes through the lens section 2, the zoom 

section 2a, and the focus section 2b, so as to form an image on the image pickup 
section 5. When the shutter button 119 is pressed, the shutter 117 is temporarily 
closed by the shutter-open period control section 118 and is then opened again 
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when the image pickup process is started. When the exposure is completed, the 
shutter 117 is closed again. When the image pickup data is obtained, the shutter is 
opened again. The image pickup data is temporarily stored into the image memory 
120. The switching section 109 performs the switching as described above. 

[00483] It is assumed that the limit processing capability of the camera is expressed 

as hi, whereas the limit processing capability of the data processing method is 
expressed as h 2 . In the case where the shaking motion amount h satisfies hi < h < 
h 2 , the shaking motion correction section 115 included in the camera cannot 
process the data. Thus, the data is directly sent to the output data generation 
section 110. In the case where h 2 < h is satisfied, it is not possible to correct the 
shaking motion even if a high-speed CPU is used. Thus, the image data is sent to 
the output data generation section 110, and an alarm sound or an alarm display 
indicating "take an image once again" is sent from the alarm section 145 to the 
speaker 37 or to the display section 12. Thus, it is possible to reduce failures due to 
shaking motion, by the operator taking an image once again. 

[00484] A correctable amount of shaking motion is denoted by hi. In the case where 

hi < h is satisfied, it is possible to perform the correcting process within the camera. 
Accordingly, the image data is sent to the shaking motion correction section 115. In 
the shaking motion correction section 115, the image P, which is subjected to the 
correction of the shaking motion, is obtained as a result of a Fourier inverse 
transform performed by the Fourier inverse transform section 121, using the 
weighted locus data 113 for shaking motion and the image P' in which the shaking 
motion are present. 

[00485] The maximum shaking motion amount calculating section 122 calculates the 

maximum shaking motion amounts Xi and x 2 in the x-direction, and the maximum 
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shaking motion amounts y-i and y 2 in the y-direction, based on the pickup images 
112, 112a, and 112b (see Fig. 27(b)). 
[00486] The trimming section 123 generates a trimmed image 129 by trimming the 

perimeter part of the pickup image 112 by the size of x^ x 2 , y-i, and y 2 , based on the 
maximum shaking motion amounts xi and x 2 in the x-direction, and the maximum 
shaking motion amounts and y 2 in the y-direction (see Fig. 27(c)). The number of 
pixels in the trimmed image 129 is smaller than the number of pixels in the pickup 
image 112. 

[00487] The enlarging section 122 performs an enlarging processing so as to enlarge 

the image up to a predetermined number of pixels (Fig. 27(d)). 

[00488] The center 126a in the original image 112 shown in Fig. 27(a) does not 

coincide with the center 126 in the trimmed image 129 shown in Fig. 27(c). In the 
example shown in Fig. 27(c), the center is shifted by (x 3 , y 3 ). In the case where the 
operator has set the switch to select the center 126a in the original image 112, the 
trimmed image 129 is converted into the trimmed image 129a (Fig. 27(e)) such that 
the center 126a in the original image 112 shown in Fig. 27(a) coincides with the 
center 126a in the trimmed image 129a shown in Fig. 27 (e). The trimmed image 
129a shown in Fig. 27 (e) is enlarged so as to become an output image 147 shown 
in Fig. 27(d). As a result, a corrected image having the center 126b which coincides 
with the center 126a in the original image 112 is obtained. 

[00489] The image subjected to the correction of the shaking motion in this way is 

sent to the output data generation section 110 via the corrected image output 
section 108. It is also sent to the switching section 124. 

[00490] The switching section 124 switches between out-putting the image P\ which 

is not subjected to the correction of the shaking motion to the reducing section 125, 
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and outputting the image P, which is subjected to the correction of the shaking 
motion, output from the corrected image output section 108 to the reducing section 
125. 

[00491] The reducing section 125 reduces the image P' or the image P by decreasing 

the number of pixels in the image P* or the image P output from the switching 
section 124, and displays the reduced image P' or the reduced image P on the 
display section 12. It is possible to display the locus of the shaking motion 
generated by the locus display section 126 in such a manner that the locus is 
overlapped with the image P" or the image P on the display section 12. 

[00492] For example, the switching section 124 operates such that the reduced 

image P' is displayed on the display section 12 immediately after the image is 
captured and that the reduced image P is displayed on the display section 12 when 
a predetermined period of time has elapsed after the image is captured and the 
correction of the shaking motion is completed. With this arrangement, it is possible 
for the operator to see the captured image immediately after capturing the image. 
Without such a switching, it is impossible for the operator to see the captured image 
during a several seconds until the correction of the shaking motion is completed. 

[00493] 12.3 Method of displaying images 

[00494] The procedure for displaying images will be described with reference to Figs. 

28 and 29. 

[00495] In step 127, the n-th image is displayed. In step 127a, the n-th image is 

captured. In step 127b, the processing amount calculating section 116 calculates 
the time t p required for performing the shaking motion correction calculation. In the 
case where t p exceeds a reference value indicating that the processing is possible, 
the process proceeds to step 127c, where an alarm indicating "take an image once 
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again" is issued. In step 127a, the operator takes an image once again, and the 
process proceeds to step 127b. In the case where the shaking motion amount is 
smaller than or equal to a defined value, the process proceeds to step 127d. In the 
case where the capture image display switch is ON, the process proceeds to step 
127k, where the captured image before the correction of the shaking motion and the 
locus 129 of the shaking motion which occurs during the period of capturing the 
image are displayed on the display section 12. At this time, a processing status 
indicator 130 is also displayed. The processing status indicator 130 displays an 
elapsed period of time from the start of the correcting processing, by expressing the 
full scale of the processing status indicator 130 as t f , where t f is the estimated 
processing period obtained by the processing amount calculating section 116. 
Immediately after the processing is started, the processing status indicator is 
displayed as indicated by the reference numeral 130, and near the end of the 
processing, the indicator is displayed as indicated by the reference numeral 130a. 
Thus, it is possible for the user to find out how soon the processing will be finished. 
With this arrangement, it is possible to satisfy the user's desire that the user wants 
to know how long it takes until the processing is finished. 

[00496] In step 127m, when the correction of the shaking motion is completed, in step 

127n, the image P', which is not subjected to the correction of the shaking motion, is 
switched to the image P, which is subjected to the correction of the shaking motion, 
by the switching section 124 shown in Fig. 25, and the switched image is displayed 
on the display section 12. 

[00497] In step 127e, in the case where the shaking motion locus display switch is 

OFF, the image with shaking motion is displayed in step 127f. In this case, the 
shaking motion locus is not displayed. Steps 127g and 127h are the same as steps 
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127m and 127n described above, and therefore the description thereof will be 
omitted. In step 127i, an image from the image pickup section is reduced by the 
reducing section 125, and the reduced image is displayed on the display section 12. 
In step 127j, the image pickup apparatus is ready to capture the next image. 
[00498] Referring back to step 127d, in the case where the capture screen display 

switch is OFF, the process proceeds to step 128a in Fig. 29. In step 128a, the n-th 
image in the image pickup section is displayed. In step 128b, when the shutter 
button is pressed, an image is captured. In step 128c, the correction of the shaking 
motion in the n-th image is started. In step 128d, the mark 131a indicating that "the 
correction of the shaking motion in the n-th image is being performed" is displayed 
on the display screen 132j. In step 128e, the (n+1)-th image in the image pickup 
section is displayed on the display screen 132j, and the processing status indicator 
130b is also displayed. In step 128f, when (n+1)-th image is captured in the case 
where the correction of the shaking motion in the n-th image has not yet completed, 
in step 128g, it is checked whether there is space available in the image memory 
120. In the case where there is no space available in the image memory 120, the 
mark 133 indicating that "WAIT" is displayed in step 128h, as shown in display 
screen 132k, so that the user is stopped to capture the next image. In the case 
where there is space available in the image memory 120 in step 128g, the process 
proceeds to step 128j, where the locus data for the shaking motion is stored in the 
image memory 120. In step 128k, the mark 131b indicating that "the correction of 
the shaking motion in the (n+1)-th image is being performed" and the (n+2)-th image 
are displayed, as shown in display screen 132m. In step 128m, when the correction 
process for the n-th image is completed, in step 128n, the mark 131a indicating that 
"the correction of the shaking motion in the n-th image is being performed" is 
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eliminated as shown in display screen 132n. In step 128p, when the correction 
process for the (n+1)-th image is completed, in step 128q, the mark 131b indicating 
that "the correction of the shaking motion in the (n+1)-th image is being performed" 
is eliminated as shown in display screen 132P. Then, the image pickup apparatus is 
ready to capture the (n+2)-th image. 

[00499] In order for the shaking motion correction section 115 shown in Fig. 25 to 

perform the correcting process properly, it is important that the locus information for 
the shaking motion should be accurate. By tracking the path of the locus data, the 
data from the angle velocity detecting sections 101a and 101b such as vibration 
gyroscopes are integrated by the integrator 136, so that an integrated angle 8 is 
obtained. The zoom ratio information is obtained from the zoom section 6, and the 
focus data is obtained form the focus adjustment section 137. A focus f is 
calculated, and f x tan 9 is obtained, and a locus calculation is performed. As 
described with reference to Fig. 26(b), it is possible to obtain data accurately by 
changing the number of samples in accordance with the change in the angle 9. It is 
most preferable to convert the locus information into a function. 

[00500] In the shaking motion correction section 115, corrected original image P is 

obtained using this locus data, by applying the image P' having the shaking motion 
to a function obtained by performing a Fourier inverse transform on the locus 
function. This calculation may be performed using a two-dimensional filter 137. 
According to the method of the present invention, it is possible to accurately obtain 
the locus data for the shaking motion by the use of the vibration gyroscopes or the 
like. As a result, it is possible to precisely correct the shaking motion. When the 
correction of the shaking motion is not performed within the camera 1, an image 
obtained by adding the locus information for the shaking motion to the captured data 
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such as Exif data is outputted. As shown in Fig. 35, the package 152 of the camera 
1 contains the image pickup apparatus 1 and a recording medium 151, such as a 
CD-ROM. The shaking motion correction processing program 153 is recorded in the 
recording medium 151. The user mounts the recording medium 151 into the 
computer 150 such that the correction processing program is installed from the 
recording medium 151 to the computer 150. The captured image data and the Exif 
data including the locus information for the shaking motion are obtained from the 
camera 1, so that these data are calculated to correct the shaking motion. It should 
be noted that, in this case, the format of the image capturing information is not 
limited to the Exif format. It is possible to achieve the similar effect by the use of any 
other format for the image capturing information. 

[00501] The period of time required for the correction of the shaking motion is 

estimated by the processing amount calculating section 116. Accordingly, it is 
possible to determine, in advance, whether or not the process can be performed 
within the camera itself. As a result, it is possible to display the time required for the 
correction process on the display section, and to improve the interface with the user 
by displaying the degree of the progress of the processing. 

[00502] 12.4 Locus of the remaining shaking motion after the correction of the 

shaking motion 

[00503] With reference to Fig. 30, a method for outputting the remaining shaking 

motion after the correction of the shaking motion, as Exif data, in a camera includes 
an shaking motion correction section for performing an optical correcting process or 
the like along the two axes (e.g., an x-axis and a y-axis) will be described. 

[00504] The shaking motion correction control section 141 outputs an shaking motion 

correction signal in accordance with the shaking motion data which has been 
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detected in Fig. 30. The lens driving section 140 drives the correcting lens 2c in the 
x direction and in the y direction such that the shaking motion is corrected. 

[00505] Actually, this control system has a frequency response characteristic. 

Accordingly, the shaking motion is not corrected completely, and the remaining 
shaking motion still exists after the correction of the shaking motion. Further, when a 
common optical correcting method or a common CCD driving method is used, it is 
possible to perform the correction only in the x direction and in the y direction, and it 
is not possible to perform the correction in the z direction (the roll direction). In order 
to calculate the remaining shaking motion after the correction of the shaking motion, 
it is required that the shaking motion correction amount calculating section 142 
obtains an actual correction amount from the lens driving section 140, and then the 
actual correction amount is input to the difference sections 143a and 143b included 
in the difference section 143. The angle velocity detecting section 101 includes an 
angle velocity detecting section 101C for the z direction (the roll direction). The 
component in the x direction and the component in the y direction obtained by the 
angle velocity detecting section 101 are input to the difference section 143. 

[00506] For the x direction and the y direction, the remaining shaking motion after the 

correction of the shaking motion can be calculated using an expression "(the actual 
shaking motion amount) - (the actual shaking motion correction amount) = the 
remaining shaking motion after the correction of the shaking motion". By inputting 
the remaining shaking motions in the x and y directions and the angle information in 
the z direction to the locus calculating section 144, the locus information of the 
remaining shaking motions in the x and y directions is obtained. The data from the 
angle velocity detecting section 101c for the z direction is integrated without 
calculating the difference and sent to the locus calculating section 91 so that locus 
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information is obtained. The locus information 113 is displayed on the display 
section 12 in such a manner that the locus information 113 is overlaid over the 
captured image. At the same time, the locus information is sent to the data 
compression section 105 so that the data is compressed. The compressed data is 
added to the image data to generate output data as Exif data 107 by the image 
pickup information addition section 106. The generated output data is recorded onto 
the external storage medium 114, such as an IC card, by the data output section 
146. 

[00507] The Exif data includes the remaining shaking motion after the correction of 

the shaking motion in the x and y directions and the locus information for the 
shaking motion in the z direction. Thus, it is possible to correct the shaking motions 
in the three axes, i.e., x, y, and z (yaw, pitch, and roll) axes by way of data 
processing, by a computer performing a Fourier inverse transform using the locus 
information 113, the image data and the locus information. In an optical correcting 
process, a frequency response characteristic is present. Shaking motion is not so 
conspicuous in a normal photo size, but it is conspicuous in a large-size photo. 
According to the post-processing of the method described above, it is possible to 
correct the shaking motion almost completely. This is a remarkable effect. 

[00508] When the processing capability of the semiconductor becomes high, it is 

possible to implement the correction of the shaking motion in the x, y, and z 
directions by software within the camera 1. However, it is not realistic for a while to 
perform the correction of the shaking motion in the three axes within the camera, 
since a higher calculation processing capability is required to do so. There are some 
possible methods to be considered along the course of time. A first method includes 
calculating the locus data x, y, and z of the shaking motion within a camera and 
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outputting the locus data as an Exit file such that the correction processing is 
performed in an external computer by way of data processing (see Fig. 30). A 
second method includes performing an optical correcting process in the x and y 
directions by the use of the shaking motion correction control section 141 in a 
camera having a function of correcting an optical shaking motion, calculating the 
locus data in the z direction (the roll direction) by the use of the locus calculating 
section 144, and attaching the locus data as Exif data 107 to the image data (see 
Fig. 31). In view of the difficultly for performing the optical correcting process in the z 
direction, by performing the correction of the shaking motion in the z direction by 
software within an external computer, it is possible to perform the correction of the 
shaking motion in the z direction without increasing the number of parts of the 
camera. Thus, it is possible to perform the correction of the shaking motion along all 
of the three axes. 

[00509] A third method includes performing an optical correcting process in the x and 

y directions, calculating the locus data in the z direction (the roll direction) based on 
the data output from the angle velocity detecting section 101c by the use of the 
locus calculating section 144, performing the correction of the shaking motion in the 
z direction by the use of the shaking motion correction section 115 including the 
Fourier inverse transform section 121 or a Fourier transform section, such that the 
resultant data is recorded on an external storage medium 114 (see Fig. 32). In the 
present specification, the use of the Fourier inverse transform section is described. 
However, it is needless to say that a similar effect can be obtained by the use of a 
Fourier transform section. The shaking motions in the x and y directions may cause 
intense motions since they are enlarged by the zoom. On the contrary, the shaking 
motion in the z direction (the roll direction) causes gentle motion and is more stable. 
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Accordingly, it is possible to perform the correction of the shaking motion in the z 
direction by the use of a CPU having a low processing capability. As the third 
method, it is realistic to perform the correction of the shaking motion only the z 
direction by way of data processing. 

[00510] A fourth method includes performing an optical correcting process in the x 

and y directions, calculating the locus data for the remaining shaking motion which 
cannot be corrected, and adding the locus data as an Exif data to the captured 
image (see Fig. 30). In this case, the components of the shaking motion in the 
higher frequency band is eliminated by the optical correcting process, and the locus 
data for the remaining shaking motion after the correction of the shaking motion 
corresponds to only the components of the shaking motion in the lower frequency 
band. As a result, it becomes easier to perform the correction of the shaking motion 
by way of calculation processing. 

[00511] A fifth method is directed to performing all of the correction of the shaking 

motion by way of data processing within a camera (see Fig. 25). However, it is not 
possible to correct intense shaking motion by way of data processing. Accordingly, it 
is preferable to perform an optical correcting process or the like in the x and y 
directions by the use of shaking motion correction control section 141, calculate the 
remaining shaking motion by the use of the difference section 143 in the similar 
manner described above with reference to Fig. 30, calculate the locus data of the 
remaining shaking motion by the use of the locus calculating section 91, correct the 
shaking motion in the x, y, and z directions by way of data processing, using the 
locus data and the image data which is subjected to the optical correcting process in 
the x and y directions by the use of the shaking motion correction section 1 1 5 (see 
Fig. 33). As a result, it is possible to perform the correction of the shaking motion in 
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all of the three axes within the camera. According to this method, the components of 
the shaking motion in the higher frequency band is eliminated by the optical 
correcting process. As a result, it becomes easier to perform the correction of the 
remaining shaking motion by way of data processing. Further, it is possible to 
realize the correction of the shaking motion in the z direction (the roll direction), 
while it is difficult to do so by the use of the optical correcting process. 
[00512] Herein, the calculation in correcting the shaking motion will be described. As 

shown in Fig. 34, it is assumed that the original image is denoted by i and a locus 
function of the locus information of the shaking motion is denoted by h. The image i', 
which is subjected to the shaking motion, is denoted by i convolution h (i.e., i*h = i'). 
When a Fourier transform is applied to each of the terms, I x H = I' is obtained. 
Therefore, I = I' /H, which is defined as C. When a Fourier inverse transform is 
applied to each of the terms, i is equal to a Fourier inverse transform (C), and i is 
also equal to a Fourier inverse transform (I7H) (see Expression (4) shown in Fig. 
34). Since i is equal to i' convolution (a Fourier inverse transform (l/H)) (i.e., i = i'*(a 
Fourier inverse transform (l/H))), under the assumption that the Fourier inverse 
transform (l/H) is defined as h', i = i' convolution h' (i.e., i = i'*h') is obtained. When 
such calculations are performed every time, it takes a long period of time to perform 
the calculations, and it becomes difficult to capture the next image. This is because 
the processing capability of the calculator included in the image pickup apparatus 
for still images such as a digital camera is low. In order to avoid that it becomes 
impossible to capture the next image, the image memory 120 is provided. The 
captured image is sequentially input to the image memory 120, where a plurality of 
captured images are stored. However, it is not preferable for the operator that the 
operator cannot check the captured images for a long period of time. In order to 
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address this problem, as described in the embodiment above, when an image is 
captured, the captured image, which is not subjected to the correction of the shaking 
motion, is displayed on the display section 12. This makes it possible for the 
operator to roughly check the captured image. When a predetermined period of time 
has elapsed after displaying the captured image, in particular, when the calculation 
for the correction of the shaking motion is completed, a corrected image, which is 
subjected to the correction of the shaking motion, is displayed on the display section 
12. Thus, it is possible for the operator to check the n-th captured image, 
immediately after the n-th image is captured, and then it is possible to check the 
corrected n-th image which is subjected to the correction of the shaking motion. 
Thus, the operator can visually check the captured image in a seamless manner 
without any interruption. In the case where the (n+1)-th image and the images 
thereafter are captured before the calculation for the correction of the n-th image is 
completed, the (n+1)-th image and the images thereafter are stored into the image 
memory 120 as shown in Fig. 25 or the like, and the (n+1)-th image and the images 
thereafter which have been captured most recently are displayed on the display 
section one after another. 
[0051 3] Herein, a method for shortening the period of time required for performing the 

calculation will be described. As shown in Expressions (3) and (4) of Fig. 34, the 
calculation for a Fourier transform is required to reconstruct the original image. 
However, in order to perform the calculation for a Fourier transform within a digital 
camera, it is necessary to extremely increase the speed of the calculation. It may 
take many years before such a CPU is realized. For this reason, as shown in 
Expression (6) of Fig. 34, a Fourier inverse transform h' is prepared in advance, 
where the Fourier inverse transform h' is an reciprocal of the Fourier transform H of 
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the PSF (point spread function) h which is weighted locus of the locus information. 
This h' is selected in accordance with the shaking motion. In the calculating section 
148, a convolution on h' and the image i\ which is subjected to the shaking motion, 
is performed so as to obtain the original image i. By preparing h' in advance, it is 
possible to reduce the period of time required for the calculation processing. Thus, it 
is possible to incorporate a calculating circuit into the image pickup apparatus. 
[00514] Herein, a method for detecting the shaking motion correction amount will be 

described. As shown in Fig. 36(a), the shaking motion correcting lens 155 is driven 
by a driving motor 156. A hall element 158 is provided as a lens position detecting 
section 157 in the vicinity of the shaking motion correcting lens 155, such that the 
position of the shaking motion correcting lens 155 is magnetically detected, and 
then the shaking motion correction amount 159 is obtained. As another method, as 
shown in Fig. 36(b), the control frequency characteristic 160 or a transfer function 
161 of the shaking motion correcting section is calculated in advance. By inputting 
the shaking motion amount to this system, it is possible to electrically calculate the 
shaking motion correction amount 162. In this case, it is possible to reduce the cost 
and simplify the configuration, since the shaking motion correction amount can be 
calculated by the use of only the electronic circuit, without using a mechanical 
system. 

[00515] In the case where a plurality of vibration gyroscopes are used to detect the 

shaking motion, it is preferable to separate the frequencies of the respective 
vibration gyroscopes from each other by the frequency band of the shaking motion 
correction characteristic. In this case, it is possible to detect the shaking motion 
more stably. 
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[00516] The advantage of the use of the package 152 shown in Fig. 35 will be 

described. In the case where the correction of the shaking motion is performed by 
way of data processing, the locus function for the shaking motion varies for every 
lens of a camera. Accordingly, H and h' shown in Fig. 34 vary. As a first method, H 
and h' may be output, as Exif data, from the camera, together with the captured 
image. This method has a high degree of certainty, but the volume of the Exif data 
attached to each image is large, and involves a lot of waste. As a second method, 
information regarding the locus function, H and h', which are specific to each 
camera, are recorded on the recording medium 151, which is packaged together 
with the camera. In this case, it is possible to record the locus information, H and h", 
which are specific to each camera, onto an external computer. Thus, when the 
computer performs the correction of the shaking motion, it is possible to perform the 
optimal correction of the shaking motion without fail. 

[00517] As described above, the present invention is exemplified by the use of its 

preferred embodiments. However, the present invention should not be interpreted 
solely based on the embodiments described above. It is understood that the scope 
of the present invention should be interpreted solely based on the claims. It is also 
understood that those skilled in the art can implement equivalent scope of 
technology, based on the description of the present invention and common 
knowledge from the description of the detailed preferred embodiments of the 
present invention. Furthermore, it is understood that any patent, any patent 
application and any references cited in the present specification should be 
incorporated by reference in the present specification in the same manner as the 
contents are specifically described therein. 
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INDUSTRIAL APPLICABILITY 
[00518] The present invention is useful to provide an image pickup apparatus capable 

of obtaining the locus information required for the correction of the shaking motion, a 
product package including the image pickup apparatus and a recording medium 
having a program recorded thereon, and a semiconductor integrated circuit or the 
like. The locus information may be output to a device external to the image pickup 
apparatus (e.g., a computer). With this arrangement, it is possible to perform the 
correction of the shaking motion, which requires a large amount of processing, in 
the device external to the image pickup apparatus (e.g., a computer). 
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